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ANNUAL  REPORT 
July  1,  1971  through  June  30,  1972 
National  Institute  of  Neurological  Diseases  and  Stroke 
National  Institutes  of  Health 

The  Director's  Report 

Research  Grants  and  Contracts 

An  increase  in  appropriation  and  full  apportionment  has  permitted  the  Institute  to  move 
ahead  with  a  number  of  significant  new  programs  for  the  first  time  since  1968.    A  number 
of  these  are  of  sufficient  importance  to  emphasize  here,  although  details  are  given  in  the 
individual  reports  of  the  Associate  Directors. 

1 .  Six  feasibility  studies  have  been  awarded  for  the  development  of  Acute  Spinal 
Cord  Injury  Research  Centers.    It  should  be  possible  to  start  full  operation  of  up 
to  four  of  these  centers  before  the  end  of  Fiscal  Year  1973. 

2.  Plans  are  underway  for  three  Stroke  Acute  Care  Research  Units.    Although  funds 
were  made  available  in  FY  1972  for  the  operation  of  these  centers,  personnel 
shortages  have  greatly  slowed  the  implementation  of  this  program. 

3.  The  first  Multiple  Sclerosis  Research  Center  has  been  funded  at  the  Reed 
Neurological  Institute,  UCLA.    It  is  anticipated  that  a  second  center  on  the 
East  Coast  will  be  funded  in  1973. 

4.  A  contract  program  for  research  in  communicative  disorders  has  been  initiated. 
Studies  include  screening  tests  on  three  levels  for  deafness  in  infants  and 
children,  and  for  the  design  of  wearable  master  hearing  aids  for  use  in  determin- 
ing what  characteristics  are  most  valuable  in  different  kinds  of  deafness,  and  in 
noisy  environments. 

5.  A  contract  program  in  biomedical  instrumentation  has  been  initiated.     Inifial 
projects  include  improved  isotope  and  ultrasound  imaging  techniques. 

6.  Contract  programs  have  become  important  adjuncts  to  the  programs  of  the 
intramural  laboratories  and  branches.    Because  of  restrictions  in  budgeted  posi- 
tions and  space,  increases  in  the  intramural  research  program  can  only  be 
accomplished  by  contracting  outside  NIH  for  work  that  would  normally  be  done 
inhouse.    Several  laboratories  and  branches  have  availed  themselves  of  this 
opportunity  for  the  first  time  in  FY  1972. 

Further  reductions  in  personnel  ceilings  continue  to  make  many  operations  very  difficult 
and  place  unreasonable  demands  on  personnel.     Initially,  the  required  personnel  reductions 
were  made  through  attrition,  and  the  return  of  the  Laboratory  of  Perinatal  Physiology  from 
Puerto  Rico.    During  FY  1972  these  no  longer  sufficed  to  meet  the  mandatory  reductions 
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in  ogr  work  force.    Key  personnel  must  be  protected,  and  some  new  positions  in  certain 
areas  were  required.    Consequently,  low  priority  positions  were  identified  throughout  the    ^ 
Institute  and  attempts  made  to  transfer  the  incumbents  to  other  Federal  activities.    This         ^ 
program  has  been  only  partially  successful  and  has  lead  to  considerable  disaffection  among 
our  employees. 

In  addition,  the  required  grade  de-escalation  has  blocked  many  deserved  promotions  and 
recruitment  of  high  quality  personnel  needed  in  running  an  effective  science-based 
organization.  ^j 

As  a  result  of  personnel  reductions  and  grade  de-escalation,  there  are  insufficient  personnel! 
to  move  ahead  rapidly  with  grant  and  contract  programs  in  stroke,  spinal  cord  injury, 
multiple  sclerosis,  the  relation  of  violence  to  brain  disease,  and  other  projects  given  high 
priority  by  the  National  Advisory  Neurological  Diseases  and  Stroke  Council,  and  by  the 
Congress . 

Several  major  reorganization  and  program  changes  were  accomplished  during  FY  1972. 
These  include  the  complete  reorganization  of  the  Perinatal  Research  Branch  to  facilitate 
the  transition  from  data  collection  to  data  analysis,  the  transfer  of  the  Office  of  Biometry 
to  Collaborative  and  Field  Research,  the  transfer  of  funds  and  responsibility  for  support 
of  the  Primate  Research  Center  of  the  University  of  Puerto  Rico  (formerly  part  of  the 
Laboratory  of  Perinatal  Physiology)  to  the  Division  of  Research  Resources,  the  formation 
of  the  Applied  Neurologic,  Special  Programs,  Infectious  Diseases,  and  Central  Nervous 
Systems  Studies  Branches  and  the  Communicative  Disorders  Section  of  the  Collaborative 
and  Field  Research,  and  the  formation  of  the  Developmental  and  Metabolic  Neurology  j 

Branch,  Intramural  Research. 

In  addition,  permission  at  all  levels  was  finally  obtained  to  move  the  laboratories  and 
animal  holdings  of  the  Chronic  Diseases  Branch  from  the  Patuxent  Wildlife  Reservation 
to  Fort  Detrick.     It  is  anticipated  that  this  move  will  be  completed  in  two  years.    Two 
major  advantages  should  result.    Current  standards  for  animal  care  can  at  last  be  met. 
Close  scientific  liaison  will  be  established  with  the  similar  but  much  longer  virus  programs 
of  the  National  Cancer  Institute. 

Training 

With  no  increases  in  the  training  budget  and  inflation,  the  attrition  of  our  training 
programs  continues.    The  newest  clinical  research  training  programs  in  the  newer  and 
less  prestigious  medical  schools,  and  in  geographic  areas  of  most  need,  continue  to  be 
the  most  seriously  affected.     In  particdar,  the  closing  out  of  these  programs  is  increasing 
the  shortage  of  medical  neurologists,  neuropathologists,  neuroradiologists,  and  child 
neurologists  which  is  already  critical. 
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Equal  Employment  Opportunity 

Progress  and  accomplishments  of  many  elements  of  our  EEO  Programs  this  past  year  were 
difficult  ones  for  the  Institute  because  of  the  severe  ceiling  restrictions  and  grade  de- 
escalation  controls  imposed  on  the  Institute.    However,  despite  these  controls,  we  were 
still  able  to  make  tremendous  progress  in  some  areas  to  carry  out  our  commitments  to  the 
EEO  Program  in  the  Institute  for  all  employees.    These  improvements  and  accomplishments 
were: 

1 .  The  appointment  of  an  EEO  Coordinator  on  the  Director's  Staff  to  devote  full 
time  to  the  implementation,  development,  strengthening,  and  acceleration  of 
the  total  EEO  Program  for  NINDS  and  perform  informal  counseling  of  discrimina- 
tion complaints. 

2.  Revised  our  original  affirmative  action  plan  for  EEO. 

3.  Appointed  four  minorities  to  the  Administrative  Management  Staff  in  the  Intramural 
and  Extramural  Program  Areas  and  the  Office  of  the  Director's  Staff.    (Health 
Scientist  Administrator,  Personnel  Management  Specialist,  Assistant  Administrative 
Officer,  and  Grants  Technical  Assistant.) 

4.  In  recognizing  the  need  to  continually  increase  our  training  efforts,  the  Institute 
in  FY  1972  had  approximately  14  employees  enrolled  in  the  DHEW  NIH  Upward 
Mobility  College,  six  employees  selected  for  the  Stride  Program  and  the  Institute 
will  support  a  minority  employee  for  training  in  the  Physicians  Assistant  Program 
at  George  Washington  University. 

5.  Recognized  five  employees  with  Equal  Opportunity  Employment  Special  Achieve- 
ment Awards. 

6.  Continuation  of  the  Neural  Science  Program  for  Minority  Ethnic  Groups  at  the 
Marine  Biological  Laboratory,  Woods  Hole,  Massachusetts.    This  Neural  Science 
Summer  Program,  which  is  in  its  second  year,  was  made  possible  through  an  NINDS 
award  of  $55,000  to  the  Marine  Biological  Laboratory  at  Woods  Hole.    Through 
the  application  of  more  funds  and  the  expansion  of  the  facilities  and  equipment 

at  the  Marine  Biological  Laboratory,  we  plan  to  increase  the  number  of  partici- 
pants in  the  program  and  to  extend  the  stay  for  each  scientist  from  one  summer  to 
two  summers.    We,  in  NINDS,  feel  that  this  has  been  a  highly  successful  program 
that  will  in  many  ways  bring  more  scientists  from  the  minority  community  into  the 
area  of  the  Neural  Sciences. 

Although  we  have  made  substantial  progress  in  our  EEO  Programs  this  past  year,  this  is  in 
no  way  an  indication  that  enough  has  been  done,  especially  in  the  areas  of  supervisory 
training  and  responsibility  to  the  total  EEO  Program  and  the  recruitment  and  placement  of 
minorities  and  women  for  key  scientific  positions  in  the  Intramural  Research  Programs. 
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NINDS  has  a  firm  commilrnent  and  responsibility  to  continue  and  expand  its  equal  employ- 
ment opportunity  program  for  all  employees.  The  importance  of  supervisors  in  advancing  th 
program  must  be  continually  stressed. 
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The  Office  of  Public  Inforaati 
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The  Office  of  Public  Information  of  the  NINDS  is  responsible  for  a 
comprehensive  inforination  program- serving  the  general  public  and  also 
specific  individuals  and  groups.   In  addition  to  providing  information 
about  the  activities  of  the  Institute,  this  program  includes  a  substantial 
health  education  effort  in  the  neurological  and  sensory  disease  fields,  as 
veil  as  many  contributions  to  professional  and  scientific  communication. 
information  activities  are  designed  to  achieve  greater  understanding  and 
appreciation  of  NIKDS  programs,  activities,  and  research  accomplishments 
on  the  part  of  Congress,  the  public  at  large 3  and  public  and  private 
agencies  and  institutions,  and  to  facilitate  communication  in  the  neuro- 
logical sciences. 

The  NINDS  Information  Office  activities  can  be  grouped  conveniently 
under  the  following  headings:   publications,  press  relations,  fiLms,  TV  and 
radio,  internal  reporting,  exhibits,  and  public  inquiries. 

Public  Inquiries 

During  the  past  year  the  volume  of  public  inquiries  continued  its 
upward  climb.   Every  news  story  reporting  a  research  advance  with  a  possible 
relation  to  neurology,  every  report  of  a  public  figure  with  an  ailment 
affecting  the  brain  or  nervous  system,  every  pessimistic  press  commentary 
on  the  federal  budget  for  medical  research,  was  likely  to  bring  forth  a 
fresh  torrent  of  letters,  many  direct,  and  many  referred"  by  the  VJhite  House 
or  Members  of  Congress.   As  a  result,  on  occasion  the  Information  Office 
staff  has  had  to  delay  other  activities  in  order  to  keep  up  with  the  mail 
load. 

More  time  was  spent  by  the  Inform.ation  Office  staff  responding  to 
letters  than  on  any  other  activity.   The  complexity  and  variety  of  subject 
matter  to  be  dealt  vrith  in  these  letters  presents  a  constant  challenge  to 
the  staff.   Tact,  resourcefulness  in  knowing  where  to  get  inform.ation 
outside  the  office,  and  considerable  general  knowledge  and  familiarity  with 
the  neurological  and  sensory  fields,  and  people  and  organizations  v.'orking 
within  them,  are  required.   Increasingly,  and  often  as  a  last  resort,  people 
seek  advice  and  help  with  medical  care  problems.   HINDS,  as  a  research 
institute,  is  not  usually  an  appropriate  source  of  advice  and  help,  but  the 
Information  Office  has  made  a  special  effort  to  help  as  many  of  these 
people  as  possible,  by  checking  on  local  resources  and  referring  them,  and 
by  providing  them  with  all  available  information  about  their  disorders. 

In  replying  to  Congressional  requests  for  information,  staff  raemb'ers 
often  must  draw  on  a  number  of  sources  in  compiling  statistics  or  other 
material.   Members  of  the  press  frequently  require  information  which  must 
be  obtained  both  from  printed  sources  and  through  calls  to  scientists. 
Patients  often  write  to  request  admission  to  the  Clinical  Center  or  to 
consult  with  NIH  research  physicians. 

Over  3,000  inquiries  received  individually  prepared  letters  in  answer 
to  specific  questions.   Congressional  mail  was  heavy,  and  several  hundred 
letters  were  in  response  to  these  inquiries.   In  addition,  many  letters 
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were  answered  by  Congressional  staff  nembers  using  information  supplied  by 
telephone  from  the  Information  Office.   Thousands  of  inquiries  were  ansv/ered 
using  printed  materials.   In  addition,  cany  patients  or  members  of  their 
families  phoned  for  information.   Telephone  calls  are  not  closely  recorded,  i 
but  altogether,  requests  for  information  total  more  than  100,000  per  year.* 

Publications 

The  Information  Office  is  divided  into  two  sections:   Public  Information 
and  Scientific  Publications.   The  Scientific  Publications  section  processes 
and  publishes  through  the  Government  Printing  Office  many  publications,  both 
for  the  general  public  and  also  for  various  scientific  audiences.   In  the 
past  three  years  the  Information  Office  has  substantially  increased  services 
relating  to  production  of  scientific  and  professional  publications  without 
any  increase  in  staff  devoted  to  this  .work.   The  services  are  usually 
requested  by  various  administrative  units  of  the  Institute,  or  by  either 
NANDS  Council  subcommittees  or  Institute  committees,  and  usually' include 
responsibility  for  all  stages  of  production  from  typevrritten  manuscriot  to 
editing,  design,  proofing  of  galleys  and  pages,  checking  authors  and 
references,  printing,  and  distribution.   Services  v.-hichare  obtained  from 
extra-institute  sources,  such  as  the  Medical  Arts  and  Photography  Branch  and 
the  Government  Printing  Office,  are  coordinated  so  that  all  publishing 
projects  move  forward  as  fast  as  possible. 

The  Monograph  Series—This  is  a  series  containing  neurological  science 
contributions  of  Institute  staff  and  consultants.   Included  are  revie'v7s, 
reports,  nomenclature,  classification  and  methodology  aids,  and  proceedings 
of  meetings  sponsored  by  the  Institute.   Twelve  of  these  monographs  have '° 
been  published,  and  a  thirteenth,  in  the  field  of  epilepsv,  is  moving       f 
forward.   Monograph  12,  Studies  in  the  Clinical  Efficacy  of  Marketed" 
Antiepileptic  Drugs,  was  published  in  July  1971.   This  reviews  sone~250 
studies  of  the  thirteen  presently  marketed  primary  antiepileptic  drugs,  plus 
two  compound  drugs,  and  several  combined  regimens  of  the  primarv'  drugs.   It 
has  proven  extremely  useful  to  physicians  treating  epilepsy  patients'^  and 
will  probably  be  reprinted  in  Fiscal  Year  1973. 

Other  particularly  useful  monographs  have  been  a  200-page  review 
entitled  Human  Communication  and  its  Disorders  (reprinted  twice)  and  a 
150-page  review  entitled  Central  Processing  Dysfunctions  in  Children;   A 
Review  of  Research  (reprinted  four  times  since  initial  oublication  in  ^n^ii 
1970).  '  -  F-  - 

Neurology;   A  Medical  Discipline  Takes  Stock,  was  published  in  January 
1972.   A  report  of  a  5-year  survey  of  neurology  departments  in  the  Nation 
medical  schools,  the  status  of  neurology  as  a  medical  specialty,  and  what 
has  happened  to  neurologists  graduating  within  the  past  generation,  is  in 
its  second  printing. 

The  latest  of  the  profile  series,  NINDS  Research  Profiles  1971.  was 
published  on  research  advances  in  seven  major  disease  areas.   This  is  a 
61-page  booklet  containing  special  Coneressional  reports  and  an  opening 
statement  by  the  Director  on  general  program  directions. 
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Research  Grant  Support  and  NINDS  Training  Grant  &  Award  Programs,  two 
booklets  serving  as  guides  to  prospective  applicants  for  grants,  were 
updated,  revised  and  reprinted  in  Fiscal  Year  1972.   These  booklets  are 
included  in  grant  application  kits,  distributed  at  meetings,  and  mailed 
out  on  request. 

In  the  Institute's  Hope  through  Research  health  information  leaflet 
series,  the  18th  publication.  Acoustic  Neuroma,  was  issued.   This  publica- 
tion filled  a  pressing  need,  because  of  the  generally  inadequate  diagnostic 
situation,  and  the  fact  that  acoustic  neuroma,  though  non-malignant,  can 
kill  or  cripple  through  pressure  on  the  brain,  and  resulting  neurologic 
deficit. 

Eleven  pamphlets  in  this  series  were  revised  in  197  2:   Cerebral  Palsy; 
Dizziness;  Epilepsy;  Huntington's  Disease;  Learning  Disabilities  Due  to 
Minimal  Brain  Dysfunction;  Mental  Retardation;  Mongolism;  Multiple 
Sclerosis ;  Muscular  Dystrophy;  Shingles ;  and  Spina  Bifida. 

The  Information  Office  is  now  distributing  42  publications  on 
neurological  and  sensory  disease  problems.   Of  these,  26  were  written  for 
the  general  public  on  specific  disorders;  16  others  covering  scientific 
subjects  were  prepared  for  distribution  to  various  professional  groups. 
Altogether,  302,000  of  these  publications  were  distributed  during  the  past 
year. 

Press 

During  the  year,  the  NINDS  Information  Staff  contributed  approximately 
40  stories  to  the  NIH  Record.  Because  of  the  addition  of  a  polaroid  camera 
to  office  equipment,  many  more  of  these  stories  were  illustrated  this  year. 

Eleven  press  releases  and  announcements  were  prepared.   Greater  effort 
was  made  this  year  to  send  announcements  and  releases  to  specific  audiences, 
rather  than  use  a  "scatter  gun"  approach.   For  this  reason  NINDS  mailing 
keys  were  completely  updated,  reorganized  and  categorized,  separating 
scientific  and  technical  journals  from  param.edical  magazines  and  general 
publications. 

Many  of  the  stories  prepared  in  the  Office  received  extra  mileage  by 
being  run  in  the  NIH  Feature  Service  and  the  NIH  News  Service.   The  NIH 
Feature  Service  uses  illustrated  feature  articles  concerning  work  conducted 
or  supported  by  NIH.   It  is  distributed  once  a  month  to  100  professional 
journals  and  to  newspapers  through  syndicates,  nationally  and  with 
international  potential  readership  of  seven  million. 

The  NIH  News  Service  uses  original  news  stories,  specially  tailored 
versions  of  press  releases  and  other  published  material.   It  is  circulated 
twice  monthly  to  science  and  medical  writers,  daily  newspapers,  general 
circulation  magazines,  news  syndicates  and  services,  and  educational  and 
medical  journals. 
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The  Office  participated  fully  in  three  najor  press  conferences.  The 
staff  did  advance  work,  press  room  manning,  and  follow  up  for  the  successful 
First  Annual  Meeting  of  the  Society  for  the  Neurosciences,  in  Washington, 
D.C.;  the  Symposium  oi>  Pharmacology  of  Antiepileptic  Drugs,  in  Arizona;  and 
the  Brain  Disorders  Press  Conference,  in  New  York  City.   The  neurosciences 
press  room  and  the  brain  disorders  conference  stimulated  good  coverage  in 
both  the  basic  sciences  and  in  the  clinical  neurological  and  sensory  areas. 
In  addition  to  spot  news  items,  reporters  also  wrote  up  longer  follow-up 
and  feature  type  articles  based  on  information  gathered  in  connection  with 
the  conferences. 

Press  activities  related  to  the  International  Sj/TRposium  on  the 
Pharmacology  of  Antiepileptic  Drugs  stimulated  excellent  coverage,  particu- 
larly on  the  West  Coast,  on  drug  treatment  of  epilepsy  patients.   Again, 
in  addition  to  spot  news  coverage,  the  Symposium  served  as  background 
information  for  reporters  in  preparing  longer,  "think  pieces." 

At  these  three  conferences,  a  great  many  interviews  between  NINDS 
scientists  and  the  press,  including  medical,  paramedical,  and  general,  were 
set  up.   Articles  were  published  in  the  V7ashington  Post,  Washington  Star, 
National  Observer,  Medical  World  News,  Newsx:eek,  Arizona  Pvepublic  Science 
News  and  Medical  Tribune,  and  many  other  publications.   These  conferences 
brought  more  personal  contact  between  staff  members,  NINDS  scientists,  and 
the  outside  press  which  has  since  aided  NINDS  in  gaining  press  exposure. 
for  important  items. 

With  the  help  of  the  NINDS  Information  staff,  Frank  Carey  of  the 
Associated  Press,  published  a  series  of  articles,  "The  Great  Cripplers," 
in  the  New  York  Post.   Four  of  the  five  articles  covered  NINDS  disease 
areas  and  were  based  on  NINDS  material. 

In  addition  to  gaining  coverage  for  important  aspects  of  neurology  and 
neurological  disorders,  it  is  the  task  of  the  Information  Office  to  field 
questions  from  the  press  and  to  provide  background  information  as  requested. 
During  the  year,  the  NINDS  Information  Office  became  increasingly  involved 
in  answering  press  inquiries.   Some  of  the  big  and  sometimes  controversial 
medical  stories  of  the  year  involved  NINDS  areas  of  interest  including: 
acupuncture,  psychosurgery.  Governor  Wallace's  spinal  cord  injury,  abortion 
and  genetic  counseling,  and  noise  pollution. 

Health  Services  and  Mental  Health  Administration  Reports  printed  an 
extensive  article  on  Tay-Sachs  disease  by-lined  by  a  staff  member.   This 
article  has  served  as  a  backgrounder  for  numerous  articles  on  inborn  errors 
of  metabolism.   Because  of  the  great  public  interest  in  this  disease  area, 
the  article  was  reprinted  and  mailed  out  as  a  fact  sheet. 

During  the  past  year,  a  free-lance  writer  has  cooperated  with  the 
Information  Office  in  preparing  background  stories  on  such  subjects  as  head 
injury  (including  whiplash),  learning  disabilities,  and  problems  associated 
with  low  birthweight.   These  stories  have  been  or  will  be  published  in 
Family  Circle  and  Parents  magazines.   Parts  of  these  stories  have  been 
excerpted  and  published  in  the  medical  columns  of  a  number  of  other 
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magazines.   In  addition,  the  Information  Office  provided  assistance  to  the 
same  writer  in  preparing  stories  on  violence,  Huntington's  disease,  and  for 
the  "Women  in  Action"  series  in  Good  Housekeeping  magazine. 

Exhibits 

The  Information  Office's  exhibit  activity,  reduced  from  the  levels  of 
recent  years,  involved  primarily  three  exhibits:   a  program  exhibit  prepared 
especially  for  the  extramural  program,  an  exhibit  displaying  Institute 
publications,  and  an  exhibit  summarizing  a  study  of  hearin?^  problems  in 
school  children,  prepared  with  the  American  Academy  of  Ophthalmology  and 
Otolaryngology  Subcommittee  on  Conservation  of  Hearing  in  Children. 

The  program  exhibit  was  shovm  at  three  large  medical  m.eetings  in  1972, 
including  the  American  Association  of  Neurological  Surgeons,  the  .American 
Academy  of  Neurology,  and  the  American  Neurological  Association.   This 
exhibit  is  manned  by  a  staff  member  able  to  answer  specific  questions 
relating  to  grants,  as  v;ell  as  general  questions  about  the  Institute's 
research  program. 

The  hearing  exhibit  was  shown  at  the  American  Academy  of  Pediatrics 
and  the  American  Speech  and  Hearing  Association  meetings  in  Chicago,  at  the 
meetings  of  the  Ajnerican  Academy  of  Ophthalmology  and  Otolaryngology  in 
Las  Vegas,  and  the  Am.erican  Academy  of  Family  Practice  in  Miami.  The 
exhibit  was  awarded  the  AAOO's  Gold  Medal  for  Scientific  Exhibits  in  Las 
Vegas,  and  the  First  Award  for  Excellence  of  Presentation  at  the  Miami  meeting. 

The  publications  exhibit,  which  is  updated  frequently  as  new  publica- 
tions are  issued  and  old  ones  retired,  was  sho^vm  at  10  locations  during  the 
year.   Two  special  interchangeable  panels  were  prepared  showing  the 
Institute's  publications  particularly  relating  to  stroke  and  to  human' 
communication. 

Television,  Radio,  Films 

Several  NINDS  scientists  made  appearances  on  TV  and  radio  in  interviews 
about  their  research.   Three  half-hour  TV  programs,  "Research  Project"  were 
devoted  to  NINDS  as  Dr.  Frank  Field  of  1^JNBC-TV,  New  York  City,  conducted 
interviews.   The  programs  were  aired  twice  each  in  New  York  City  only. 
Other  appearances  were  on  WGMS  radio  and  WTTG-TV  in  Washington. 

The  Institute's  award-winning  film,  "Early  Recognition  of  Learning 
Disabilities,"  climbed  into  second  place  in  popularity  at  the  National 
Medical  Audiovisual  Center  in  Atlanta  which  distributes  it.   The  only  film 
being  requested  more  often  is  one  on  drug  abuse. 

Reports  and  Special  Documents,  Speeches,  and  Statements 

The  Information  Office  prepared  seven  special  congressional  reports 
and  an  open?lng  statement  for  presentation  by  the  Director  at  the  annual 
Appropriations  Hearings.   The  office  also  prepared  a  document  entitled 
"Highlights  of  Research,"  presenting  interesting  and  important  research 
events  for  use  in  Congressional  testimony. 
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Biological  Laboratory  Technician  (Microbiol.)  -  Guy  G.  Cunningham 

Biologist  -  Donald  W.  Bishop 

Physiologist  -  E.  Carolyn  Derrer 

SR  Surgeon  -  Robert  I.  Roelofs,  M.D. 

Surgeon  -  Dennis  L.  Martin,  M.D. 

Surgeon  -  John  N.  Whitaker,  M.D. 

Surgeon  -  Jerry  R.  Mendell,  M.D. 

Surgeon  -  Alan  Borenstein,  M.D. 

Surgeon  -  Alan  M.  Rapoport,  M.D. 

Surgeon  -  Bernard  M.  Patten,  M.D. 

Surgeon  -  Barry  W.  Festoff,  M.D. 

Surgeon  -  Peter  K.  Re,  M.D. 

Surgeon  -  Alan  D.  Prince,  M.D. 

Biologist  -  Mary  A.  Oberc 

Secretary  -  Lucy  L.  Riley 

Microbiologist  -  Priscilla  B.  Chauvin 

Secretary  (Diet. Ma ch. Trans. )  -  Gertrude  E.  Wright 

Clerk  (Diet.  Mach.  Trans.)  -  Anne  K.  Bowen 

Biological  Laboratory  Technician  -  Pauline  R.  Middleton 

Clerk  (Dict.Mach.I-rans.  )  -  Ann  M.  Macker 

Histopathology  Technician  -  Thelma  R.  Fletcher 

Biological  Laboratory  Technician  (Elect.)  -  Reginald  K.  Franklin 

Biological  Aid  (Micro)  -  Joseph  S.  Sciabbarrasi 

Biological  Aid  -  Gregory  Hubbard 

Clerk- Typist  -  Beverly  Williams 

Laboratory  Worker  -  Matthew  P.  Meadows 

Section  on  Clinical  Applied  Pharmacology 

Super.  Research  Pharm.  (Gen.)  -  Richard  L.  Irwin,  Ph.D. 
Research  Physiologist  -  Jay  B.  Wells,  Ph.D. 
Biologist  -  Katharine  L.  Oliver 
Secretary  (Diet. Mach. Trans. )  -  Emma  P.  Dick 

Surgical  Neurology  Branch 

Office  of  the  Chief 

Act.  Chief,  Surgical  Neurology  Branch  -  John  M.  Van  Buren,  M.D. ,  M.Sc. 

Medical  Officer  (Neuro  Surg)  -  Choh-luh  Li,  M.D. ,  Ph.D. 

Medical  Officer  (Neuro  Surg)  -  Ayub  Khan  Ommaya,  F.R. C.S. 

Research  Psychologist  (Clin)  -  Paul  Fedio,  Jr.,  Ph.D. 

Visiting  Scientist  -  Susumu  Nakatani,  M.D. 

Biologist  -  Rosemary  C.  Borke 

Biologist  -  Levon  0.  Parker 

Supervisory  Operating  Room  Nurse  -  Frances  D.S.  Lamberti,  R.N. 

Supervisory  Operating  Room  Nurse  -  Mildred  L.  Haddox,  R.N. 

Operating  Room  Nurse  -  Delta  H.  Trickett,  R.N. 

Operating  Room  Nurse  -  E.  Dolores  Blessing,  R.N. 

Psychologist  -  Laura  S.  Rosenthal 

Surgeon  -  Adelbert  L.  Albright,  M.D. 


2b 


Mitchell  A.  Major 
M.  Arthur  Banks 


Surgeon  -  Maxim  0.  Koslow,  M.D. 

Surgeon  -  John  P.  Franz,  M.D. 

Surgeon  -  Thomas  A.  Genarelli,  M.D. 

SA  Surgeon  -  Hugh  H.  West,  M.D. 

Biological  Laboratory  Technician  (Animal) 

Biological  Laboratory  Technician  (Animal) 

Secretary  (Steno)  -  Ellen  L.  Poorman 

Clerk  (Dict.Mach. Trans. )  -  Helen  M.  Andregg 

Clerk- Stenographer  -  Dawn  M.  Weber 

Health  Technician  -  Morris  M.  Williams 

Health  Technician  -  Howard  F.  Stewart,  Jr. 

Clinical  Psychologist  -  Christiane  S.  Cox 

Zoologist  -  Charles  G.  Morrow 

Biological  Laboratory  Technician  (Micro)  -  Joceline  L.  Ash 

Secretary  (Steno)  -  Olga  Williams 

Medical  Aid  (Sterile  Supplies)  -  Jesse  W.  Rucker 

Section  on  Primate  Neurology 

Biologist  -  Kenneth  Rich 

Health  Technician  -  Charles  E.  Sartor 

Biological  Laboratory  Technician  (Animal)  -  Clifford  A.  Seay 

Section  on  Neuroanesthesiology 

Biological  Laboratory  Technician  (Animal)  -  Calvin  S.  Hawkins 

Section  on  Clinical  Psychology 

Super.  Research  Psychologist  -  Herbert  C.  Lansdell,  Ph.D. 
Secretary  (Typing)  -  Lillian  L.  Wease 


Section  on  Child  Neurology 

Medical  Officer  (Neuro)  -  Anatole  Dekaban,  M.D. ,  Ph.D. 
Research  Chemist  -  Dennis  F.  Cain,  Ph.D. 
Research  Chemist  -  George  Constantopoulos,  Ph.D. 
Medical  Technician  (Chem. )  -  Jan  K.  Steusing 
Surgeon  -  Kenton  R.  Holden,  M.D. 
Secretary  (Steno)  -  Sandra  S.  Costanzo 
Biological  Aid  -  Rodney  D.  McComb 
Biological  Aid  -  Sharon  T.  Walker 


Section  on  Neuroradiology 

Research  Medical  Officer  -  Giovanni  Di  Chiro,  M.D. 
Clerk-Stenographer  -  Dianne  L.  Beall 
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Electroencephalography  Branch 

Office  of  the  Chief 

Chief,  EEC  Branch  -  Cosimo  Ajmone  Marsan,  M.D. 

Surgeon  -  Michael  J.  O'Connor,  M.D. 

Surgeon  -  Darrell  V.  Lewis,  Jr.,  M.D. 

EEC  Technician  -  Rosemarie  Schilling 

EEC  Technician  -  Kathleen  Knapowski 

EEC  Technician  -  Joan  R.  Trettau 

Secretary  (Diet. Mach. Trans. )  -  Mattie  L.  Jackson 

Section  on  Clinical  Neurophysiology 

Surgeon  -  Jeffery  L.  Barker,  M.D. 
Surgeon  -  Marc  A.  Dichter,  M.D.,  Ph.D. 
Surgeon  -  Chester  J.  Herman,  M.D. ,  Ph.D. 
Biological  Aid  (Gen.)  -  Juanita  D.  Brown 

Laboratory  of  Neuropathology  &  Neuroanatomical  Sciences 

Office  of  the  Chief 

Chief,  LNNS  -  Igor  Klatzo,  M.D. ,  M.Sc. 

Surgeon  -  Andrew  A.  Zalewski,  M.D. 

Biological  Laboratory  Technician  (Animal)  -  Willie  Perkins 

Biological  Laboratory  Technician  (Animal)  -  Albert  V.  Cantu 

Biological  Laboratory  Technician  (Animal)  -  Melvin  H.  Carroll 

Secretary  (Diet. Mach. Trans. )  -  Virginia  A.  Masterson 

Clerk  (Typing)  -  Hilda  M.  Malcolm 

Clerk  (Typing)  -  Mary  D.  Wallace 

Biological  Laboratory  Technician  -  Angelow  Still 

Section  on  Nerve  Regeneration 

Medical  Director  -  Lloyd  Guth,  M.D. 

Physiologist  -  Herbert  Yellin,  Ph.D. 

Biological  Laboratory  Technician  (Microbiol.)  -  Janina  D.  Ziemnowicz 

SR  HSO  -  George  F.  Creswell 

Section  on  Neurocytology 

Research  Physiologist  -  Milton  W.  Brightman,  Ph.D. 
Surgeon  -  John  E.  Heuser ,  M.D. 

Biological  Laboratory  Technician  -  Clara  E.  Mowry 
Visiting  Fellow  -  Sachio  Nabeshima,  M.D. 
Visiting  Fellow  -  Erik  Westergaard,  M.D.,  Ph.D. 

Section  on  Functional  Neuroanatomy 

Medical  Officer  (Res.)  -  Thomas  S.  Reese,  M.D. 
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Biological  Laboratory  Technician  -  Frank  D.  Nolan 
Biologist  -  Maryanna  Henkart 

Section  on  Comparative  Neuropathology 

Biological  Laboratory  Technician  -  Joseph  T.  Walker,  Jr. 
Biological  Laboratory  Technician  (Biochem. )  -  Ernestine  G.  Dye 
Surgeon  -  David  A.  Rottenberg,  M.D. 

Section  on  Experimental  Neuropathology 

Medical  Officer  (Path.)  -  Jan  Cammermeyer ,  M.D. 

Biologist  -  Iris  Mercado 

Biological  Laboratory  Technician  -  Margaret  G.  Johnson 

Editorial  Assistant  -  Jane  Phelps 

Biological  Aid  -  Sophia  Grabinski 

Section  on  Cellular  Neuropathology 

Medical  Officer  (Res.)  -  Henry  deF.  Webster,  M.D. 
Biological  Laboratory  Technician  -  Maureen  F.  O'Connell 
Biologist  -  John  R.  Martin 

Section  on  Cellular  Neurochemistry 

Research  Biologist  -  Janet  Passonneau,  Ph.D. 
Staff  Fellow  -  Wesley  D.  Lust,  Ph.D. 
Biologist  -  Helen  J.  Osborne 
Visiting  Fellow  -  Hiroshi  Watanabe,  M.D. 

Section  on  Neurocytobiology 

Medical  Officer  (Res.)  -  Maria  Spatz,  M.D. 

Biological  Laboratory  Technician  (Micro)  -  Madora  E.  Swink 

Biological  Laboratory  Technician  (Micro)  -  Jo  Ann  Holmes 

Laboratory  of  Biophysics 

Office  of  the  Chief 

Chief,  Laboratory  of  Biophysics  -  William  J.  Adelman,  Jr.,  Ph.D. 

Super.  Research  Physiologist  -  Robert  E  Taylor,  Ph.D. 

Senior  Research  Biophysicist  -  Kenneth  S.  Cole,  Ph.D. 

Research  Physicist  -  Richard  FitzHugh,  Ph.D. 

Research  Physiologist  (Neurophys.)  -  Daniel  L.  Gilbert,  Ph.D. 

Electrical  Engineer  (Instru. )  -  Leonard  Binstock 

Research  Physicist  -  Gerald  M.  Ehrenstein,  Ph.D. 

Mathematician  -  John  Shaw 

Research  Physicist  -  Harold  Lecar,  Ph.D. 

Staff  Fellow  -  Frederick  Sachs,  Ph.D. 

Electronic  Technician  -  Herbert  A.  Walters 
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Biologist  -  Allen  D.  Spencer,  Jr. 
Visiting  Fellow  -  Ramon  Latorre,  Ph.D. 
Secretary  (Steno)  -  Vernita  Bergmeyer 
Clerk-Steno  -  Sandra  J.  Cotter 
Biological  Aid  -  Mark  A.  Holbert 

Laboratory  of  Neurochemistry 


Office  of  the  Chief 


Chief,  Laboratory  of  Neurochemistry  -  Donald  B.  Tower,  M.D. ,  Ph.D. 
Secretary  (Steno)  -  Shirley  A.  Burdette 
Clerk- Stenographer  -  Michele  A.  Cahill 
Clerk-Stenographer  -  Linda  M.  Horton 

Section  on  Amino  Acid  Chemistry 

Chemist  -  Oscar  M.  Toung 
Surgeon  -  Thomas  H.  Gill,  M.D. 

Section  on  Physiology  and  Metabolism 

Research  Chemist  -  Eberhard  G.  Trams,  Ph.D. 
Chemist  -  Carl  J.  Lauter 

Section  on  Enzyme  Chemistry 

Research  Chemist  -  R.  Wayne  Albers,  Ph.D. 

Physiologist  -  Stephen  S.  Goldman,  Ph.D. 

Chemist  -  George  J.  Koval 

Surgeon  -  Robert  C.  Collins,  M.D. 

Visiting  Fellow  -  Dou  H.  Jean,  Ph.D. 

Physical  Science  Technician  (Chem. )  -  Eunice  L.  Summers 

Section  on  Lipid  Chemistry 

Head,  Section  on  Lipid  Chemistry  -  Roscoe  0.  Brady,  M.D. 

Research  Chemist  -  Andrew  E.  Gal,  Ph.D. 

Chemist  -  Roy  M.  Bradley 

Senior  Staff  Fellow  -  Richard  H.  Quarles,  Ph.D. 

Staff  Fellow  -  Peter  Pentchev,  Ph.D. 

Staff  Fellow  -  Peter  H.  Fishman,  Ph.D. 

Biological  Laboratory  Technician  (Biochem. )  -  Frank  J.  Fash 

Chemist  -  Jane  M.  Quirk 

Surgeon  -  William  G.  Johnson,  M.D. 

Biological  Laboratory  Technician  (Animal)  -  Alexander  B.  Wheaton 

Laboratory  of  Molecular  Biology 

Office  of  the  Chief 

Chief,  Laboratory  of  Molecular  Biology  -  Ernst  Freese,  Ph.D. 
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Secretary  (Steno)  -  Mary  W.  Taylor 
Biological  Aid  -  Darryl  Carmichael 
Clerk-Typist  -  Jacqueline  Wiggins 

Section  on  Developmental  Biology 

Research  Biologist  -  Elisabeth  G.M.  Freese,  Ph.D. 

Surgeon  -  Eugene  L.  Speck,  Ph.D. ,  M.D. 

SA  Surgeon  -  Jeffrey  L.  Simmons,  M.D. 

Staff  Fellow  -  Michael  L.  Hampton,  Ph.D. 

Staff  Fellow  -  Martin  D.  Diesterhaft,  Ph.D. 

Staff  Fellow  -  Richard  E.  Henneberry,  M.Sc,  Ph.D. 

Chemist  -  Enid  M.  Galliers 

Chemist  -  Cheryl  L.  Marks 

Biological  Laboratory  Technician  (Micro)  -  Blanche  E.  Lewis 

Visiting  Fellow  -  Tong  K.  Oh,  Ph.D. 

Visiting  Fellow  -  Chingju  Wang  Sheu,  Ph.D. 

Visiting  Fellow  -  Chandan  Prasad,  Ph.D. 

Section  on  Regulation  of  Nucleic  Acid  Syntheses 

Research  Chemist  -  Robert  A.  Lazzarini,  Ph.D. 
Staff  Fellow  -  Leonard  E.  Maroun,  Ph.D. 
Visiting  Fellow  -  Toshikatsu  Murooka,  Ph.D. 
Chemist  -  Leslye  D.  Johnson 

Laboratory  of  Experimental  Neurology 

Office  of  the  Chief 

Chief,  Laboratory  of  Experimental  Neurology  -  William  F.  Caveness,  M.D. 

Visiting  Associate  -  Aklra  Tanaka,  M.D. 

Biological  Laboratory  Technician  (Animal)  -  Kenneth  H.  Hess 

Secretary  (Steno)  -  Dorothy  L.  Evans 

Clerk-Typist  -  Marguerite  H.  Smiley 

Visiting  Fellow  -  Hideo  Ueno,  M.D. 

Laboratory  of  Neurophysiology 
Office  of  the  Chief 

Chief,  Laboratory  of  Neurophysiology  -  Michelangelo  G.F.  Fuortes,  M.D. 

Electronic  Technician  -  Vincent  t.   Almasy 

Biological  Laboratory  Technician  (Animal)  -  William  L.  Beane 

Secretary  (Diet. Mach. Trans. )  -  June  M.  Picone 

Clerk-Stenographer  -  Anita  T.  Page 

Histologist  -  Leona  M>  Stewart 

Section  on  General  Physiology 

Senior  Research  Neurophysiologist  -  Ludwig  von  Sallmann,  M.D. 

Chemist  -  Patricia  A.  Grimes 

Staff  Fellow  -  Paul  M.  O'Bryan,  Jr.,  Ph.D. 

SA  Surgeon  -  Eric  A.  Schwartz,  M.D. 

SA  Surgeon  -  Elliott  J.  Simon,  M.D. 


Section  on  Sensory  Physiology 

Medical  Officer  (Res.)  -  Thomas  G.  Smith,  Jr.,  M.D. 

Section  on  Cell  Biology 

Research  Biologist  -  Arnaldo  Lasansky,  M.D. 

Senior  Staff  Fellow  -  William  K.  Stell,  M.D. ,  Ph.D. 

Biological  Laboratory  Technician  (Microbiol. )  -  Julia  M.  L6hr 

Section  on  Neuronal  Interactions 


Head,  Section  on  Neuronal  Interactions  -  Henry  G.  Wagner,  M.D. 

Senior  Research  Biophysicist  -  Edward  F.  MacNichol,  Ph.D. 

Surgeon  -  John  S.  McReynolds,  M.D. 

Senior  Staff  Fellow  -  Michael  L.  Wiederhold,  Ph.D. 

Staff  Fellow  -  Ferenc  I.  Harosi,  Ph.D. 

Staff  Fellow  -  Peter  B.  Detwiler,  Ph.D. 

Visiting  Fellow  -  Luigi  Cervetto,  M.D. 

Laboratory  of  Neural  Control 

Office  of  the  Chief 

Chief,  Laboratory  of  Neural  Control  -  Karl  Frank,  Ph.D. 

Medical  Officer  (Res.)  -  Robert  E.  Burke,  M.D. 

Visiting  Scientist  -  William  B.  Marks,  Ph.D. 

Surgeon  -  Frederick  T.  Hambrecht,  M.D.,  Ph.D. 

Surgeon  -  David  L.  Guy ton,  M.D. 

Surgeon  -  Richard  G.  Jost,  M.D. 

Secretary  (Steno)  -  Nell  W.  Winnie 

Psychologist  -  Kathleen  K.  Davis 

Microelectronics  Technician  -  George  F.  Laird,  III 

Electronics  Technician  -  Martin  J.  Bak 

Clerk  (Dict.Mach. Trans. )  -  Eloise  V.  Buford 

Visiting  Fellow  -  William  Z.  Rymer,  Ph.D. 

Laboratory  of  Perinatal  Physiology 


Office  of  the  Chief 

Chief,  Laboratory  of  Perinatal  Physiology  -  Ronald  E.  Myers,  M.D. ,  PI 

Research  Chemist  -  Americo  Rivera,  Jr.,  Ph.D. 

Research  Psychologist  -  Shun-ichi  Yamaguchi,  Ph.D. 

Engineering  Technician  -  George  M.  Dold 

Chemist  -  Jose  Martinez  de  Jessus 

Biological  Laboratory  Technician  (Animal)  -  Esteban  Monell-Torrens 

Biological  Laboratory  Technician  (Animal)  -  William.  Rodriguez 

Surgeon  -  Myron  D.  Ginsberg,  M.D. 

Surgeon  -  Michael  J.  Labance ,  M.D. 

Surgeon  -  Dennis  Selkoe,  M.D. 
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SA  Surgeon  -  Gary  S.  Kopf,  M. D. 

SA  Surgeon  -  David  M.  Mirvis,  M.D. 

Chemist  (Biochemistry)  -  Carmen  L.  Freixas 

Biological  Laboratory  Technician  (Micro)  -  Maria  L.  Yamaguchi 

Secretary  (Steno)  -  Elsie  M.  Walter 

Biological  Laboratory  Technician  (Biochemistry)  -  James  H.  Cane 

Biological  Laboratory  Technician  (Animal)  -  Joseph  C.  Pazdersky 

Research  Assistant  -  Elizabeth  F.  Ratliff 

Biological  Laboratory  Technician  (Animal)  -  Richard  Leo  Diggs ,  Jr. 

Animal  Caretaker  -  Bernardino  Santana 

Clerk  (Dict.Mach. Trans. )  -  Lois  A.  Brown 
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Annual  Report  of  the  Scientific  Director 

of  the 
National  Institute  of  Neurological  Diseases  and  Stroke 

July  1,  1971  through  June  30,  1972 


Understanding  the  form  and  function  of  the  Nervous  System 
and  its  disarrangements  continues  as  a  major  goal  of  the 
Intramural  Research  Program.   The  Laboratory  and  Clinical 
investigative  efforts  encompass  every  aspect  of  the  neuro- 
logical sciences  and  remain  vigorous  and  productive.   There 
continues  to  be  a  wide  interaction  of  the  intramural  labora- 
tories and  branches  with  other  research  Institutes  both  at  NIH 
and  elsewhere  within  the  national  and  international  scientific 
community. 

During  the  past  year,  several  organizational  changes  took 
place  that  have  had  a  beneficial  impact  on  Intramural  Research, 
A  new  Chief  now  directs  the  Laboratory  of  Biophysics.   He  has 
strengthened  the  ongoing  work  on  excitable  membranes  while 
expanding  the  research  efforts  of  the  laboratory  into  new  areas. 
The  direction  now  being  followed  takes  advantage  of  the  newer 
instrumentation  technology,  including  on  line  ADP.   The  new 
areas  of  investigation  are: 

a)  Spin  resonance  studies  with  EPR.   These  studies  inves- 
tigate the  state  of  water  inside  nerve  and  muscle  cells 
using  spin  labels  as  molecular  probes.   The  findings 
indicate  that  most  of  intracellular  water  is  free  and 
unbound,  as  suggested  by  other  physiological  research. 

b)  An  analysis  of  the  characteristics  of  electrical  noise 
problem  is  being  made  in  excitable  nerve  and  muscle  cells 
in  tissue  culture  and  in  artificial  membranes.   This 
promising  approach  may  enable  inferences  to  be  made  about 
the  mechanism  by  which  individual  membrane  elements  gate 
the  membrane  current. 

c)  Fluorescence  probes  are  being  used  in  membranes  to  gain 
information  about  the  nature  of  molecular  structures 
involved  in  nerve  excitation. 

A  new  Branch  of  Developmental  and  Metabolic  Neurology  has  been 
formed  and  began  to  function  during  the  latter  part  of  FY  72. 
The  thrust  of  this  new  unit  is  towards  a  more  thorough  under- 
standing of  hereditary  lipid  storage  diseases  and  related 
disorders,  and  the  clinical  application  of  the  new  knowledge 
already  gained.   The  new  Branch  was  created  by  amalgamation  of 
the  Section  of  Lipid  Chemistry,  Laboratory  of  Neurochemistry , 
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and  the  Section  of  Child  Neurology,  Surgical  Neurology  Branch. 
Because  of  a  lack  of  available  new  positions,  the  formation 
of  the  new  Branch  required  splintering  of  the  parent  organ- 
izations.  Careful  reorganization  within  the  parent  units 
has  maintained  each  as  a  viable  research  unit  capable  of 
accomplishing  a  full  mission.   The  Section  of  Neuronal 
Interaction  has  been  reconstituted  in  the  Laboratory  of 
Neurophysiology  and  a  senior  biophysicist  has  been  designated 
as  the  nev7  Head.   This  organization  change  strengthens 
materially  research  that  explains  how  sensory  information 
transfers  to  the  nervous  system.   One  laboratory  program 
declined  by  dent  of  personnel  ceiling  limitations.   The 
Section  of  Trophic  Nerve  Function  in  the  Laboratory  of 
Neuropathology  and  Neuroanatomical  Sciences  has  been  renamed 
and  is  now  the  Section  on  Nerve  Regeneration.   This  title 
reflects  accurately  the  current  directions  of  the  research 
progress  of  that  unit. 

In  order  to  apply  new  knowledge  created  by  NINDS  research 
programs,  or  elsewhere,  Intramural  Research  maintains  four 
investigative  units  (Surgical  Neurology  Branch,  Medical 
Neurology  Branch,  Electroencephalography  Branch,  and 
Developmental  and  Metabolic  Neurology  Branch)  that  relate' 
directly  to  neurological  diseases  in  human  beings.   The 
disorders  investigated  are  numerous  and  the  research  approaches 
are  medical,  surgical,  biochemical,  and  neurophysiological  in 
nature.   Multiple  and  varied  basic  research  techniques  are  used 
to  investigate  the  neurological  disorders.   The  studies  have 
led  to  some  significant  findings  in  many  of  the  disease 
entities  under  consideration  and  are  mentioned  only  briefly 
here.   The  details  are  available  in  the  individual  project 
reports.   New  diagnostic  methods  using  radioactive  scanning 
tomography  of  the  brain  are  being  developed.   A  prototype 
instrument  has  shown  good  resolution  of  radioactive  sources  in 
phantom  trials,  but  the  less  discrete  sources  available  from 
human  patients  will  require  greater  resolution  by  the 
instrument  and  its  further  development.   Considerable  work  is 
directed  towards  the  development  of  chemotherapy  for  gliomas 
of  the  CNS.   One  promising  treatment  regimen  using  CCNU  and 
8-Azaguanine  improved  the  quality  of  survival  in  certain 
patients.   Tumor  specific  antigens  are  being  sought  so  that 
eventually  a  study  of  immuno therapeutic  methods  could  be 
developed  for  prevention,  diagnosis  or  treatment  of  brain 
tumors.   Glioblastomas  of  fetal  brains  have  yielded  what 
appears  to  be  a  tumor  specific  glycoprotein.   Further 
characterization  of  this  material  is  underway. 

Vascular  diseases  of  the  CNS  continue  to  receive  atten- 
tion.  A  major  effort  is  aimed  at  developing  improved  diag- 
nostic methods.   Radionuclide  angiography  has  in  certain  cases 
improved  visualization  of  vascular  malformations  and 
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microangiographic  techniques  are  being  used  to  define  the 
normal  variations  of  developing  spinal  cords.   An  attempt  is 
being  made  to  improve  the  quality  of  visualization  using 
radiographic  magnification  made  possible  by  the  new  fractional 
focal  spot  x-ray  tubes.   A  primate  experimental  model  has  been 
developed  and  is  used  to  help  explain  how  the  spinal  cord 
compensates  for  local  ischemia.   Another  primate  model  of 
experimental  stroke  peinnits  examination  of  the  cerebral  blood 
flow  in  the  experimentally  infarcted  brain. 

The  study  of  epilepsy  remains  a  primary  objective,   A  new 
fluorometric  method  has  been  developed  that  may  materially  aid 
in  identification  of  epileptogenic  foci  in  exposed  brains. 
The  reduced  form  of  nicotinamide  adenine  dinucleotide  of  brain 
cells  fluoresces  under  ultraviolet  light.   Epileptogenic  foci  show 
loss  of  this  response.   A  new  instrioment  with  a  more  appropriate 
working  distance  is  being  fabricated  to  take  advantage  of  these 
findings  in  investigating  epileptogenic  processes  in  exposed 
brains.   These  studies  have  been  accomplished  for  the  first 
time  in  human  patients  and  offer  some  hope  for  progress  in 
amelioration  of  some  epilepsy  states. 

Both  basic  and  clinical  studies  of  the  dyskinesias 
continue.   Anatomical  studies  of  the  efferent  cerebellar  and 
sensory  pathways  in  the  chimpanzee  produced  evidence  that 
challenges  the  classic  concept  of  information  input  to  the 
thalamus.   The  evidence  appears  to  be  in  agreement  with  data 
obtained  from  physiological  studies  carried  out  in  human 
beings.   Evaluation  of  cognitive  function  in  patients  over  an 
average  of  17  months  following  thalamotomy  did  not  counter- 
indicate  surgical  treatment  for  dyskinesia  patients.   Speech, 
memory  and  cognitive  function  were  studied  both  before  and 
after  necessary  neurosurgical  procedures  in  human  patients. 
Patients  with  right  temporal  deficits  did  not  experience 
difficulty  with  verbal  tasks  and  those  with  left  temporal 
deficits  did  not  have  difficulty  with  the  non-verbal  tasks. 

To  understand  the  consequences  of  trauma  to  the  CNS 
remains  of  prime  importance  in  CNS  research.   A  programmable 
accelerating  device  for  the  head  has  been  designed  and 
constructed.   Experiments  with  primates  show  that  surface 
brain  hemorrhages  are  more  often  induced  by  rotational  motion 
while  intracerebral  hematomas  and  contusions  usually  arise 
from  translational  motion  of  the  head.   For  the  first  time, 
a  selective  spinal  angiography  has  been  perfoormed  successfully 
after  accidental  acute  spinal  trauma.   The  finding  of  a  normal 
vascularity  seemed  useful  in  advancing  a  good  prognosis  for  this 
case.   A  high  incidence  of  neurological  abnormalities  was  found 
in  a  large  series  of  patients  with  congenital  retinal  blindness. 
The  pathogenesis  of  this  disorder  was  found  to  be  based 
primarily  on  aplasia  of  photoreceptors. 


A  multidimensional  attack  on  the  neuromuscular  disorders 
remains  as  a  central  theme  of  the  medical  neurology  investi- 
gations.  A  new  defect  has  been  found  in  patients  suffering 
from  a  progressive  pseudohypertrophic  muscular  dystrophy  of 
Duchenne.   Platelets  from  these  patients  fail  to  take  up 
serotonin  normally.   This  finding  agrees  with  the  previously 
reported  hypothesis  that  this  dystrophy  is  caused  by  a 
functional  abnormality  of  small  arterial  blood  vessels.   A 
research  finding  that  offers  some  possibilities  for  therapy 
came  from  a  study  of  patients  V7ith  McArdle's  disease.   Muscle 
fibers  taken  by  biopsy  from  patients  and  grown  in  tissue 
culture  are  capable  of  regenerating  the  missing  enzyme. 
Treatment  trials  have  now  continued  for  4  and  one  half  years 
in  the  inflammatory  myopathies.   A  high  dose  of  Prednisone 
administered  once  on  alternate  days  has  proven  to  be  the  best 
treatment  available.   Prednisone  regimens  of  this  kind  have 
also  been  found  to  benefit  both  juvenile  and  adult  patients 
afflicted  with  myasthenia  gravis.   Alternate  day  Prednisone 
also  benefits  patients  with  idiopathic  recurrent  neuropathy. 
The  fact  that  three  different  neuromuscular  disorders  respond 
to  the  same  drug  regimen  emphasizes  the  necessity  for  the 
ongoing  vigorous  pursuit  of  new  information  about  drugs  that 
aid  neuromuscular  disorders.   A  study  of  the  pathogenesis  of 
certain  disorders  classically  considered  to  be  neuromuscular 
in  nature,  has  produced  findings  that  indicate  a  possible 
lower  motor  neuron  abnormality.   A  defect  in  immunoglobulin 
A  metabolism  has  been  identified  in  a  family  with  hereditary 
neuropathy.   Both  normal  and  pathologic  human  muscle  fibers 
have  been  grown  in  tissue  culture.   Normal  human  muscle  grown 
by  tissue  culture  lacks  a  T-system  and  the  pathologic  human 
muscle  shows  normal  growth  characteristics.   The  tissue 
culture  technique  applied  to  human  muscle  offers  considerable 
hope  as  a  way  to  discover  certain  unknown  characteristics  of 
pathologic  muscle.   Electromyographic  studies  and  the  use  of 
a  histochemical  micro-marking  technique  during  open  biopsy 
have  verified  motor-end  plates  as  the  generators  of  electrical 
noise  in  the  electromyogram  referred  to  as  "end  plate  noise." 

Investigations  have  continued  on  the  hereditary  lipid 
storage  diseases.   The  diagnostic  testing  methods  developed 
have  come  to  use  in  the  identification  of  patients  and 
carriers  of  these  diseases.   Fetuses  afflicted  with  Niemann- 
Pick  or  Gaucher ' s  disease  can  now  be  correctly  diagnosed  in 
the  second  trimester  of  pregnancy.   Success  in  purifying  to 
homogeneity  the  enzyme  hexosaminidose  A  has  allowed  an  early 
trial  of  enzyme  replacement  therapy  in  Tay-Sachs  disease. 
This  study  furnished  important  information  on  turnover  and 
distribution  of  the  enzyme. 
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To  understand  the  fundamental  aspects  of  nervous  system 
functions  remains  an  important  objective  within  the  Intramural 
Program.   An  experimental  preparation  has  been  developed  in 
living  tadpoles  which  permits  the  observation  of  living 
muscle  and  nerve  fibers  by  the  differential  interference 
microscope.   This  preparation  provides  the  only  means  by  which 
living  neuromuscular  tissue  can  be  observed  in  a  natural 
environment  during  development  and  maintenance.   The  effects 
of  agents  that  selectively  damage  axons  and  myelin  are 
currently  investigated.   A  correlation  has  been  found  between 
deficient  myelin  formation  and  reduced  amounts  of  cerebral 
phospholipids  and  lipids  after  administration  of  a  chemical 
that  prevents  brain  development.   The  long-term  program  on 
trophic  function  of  the  peripheral  nervous  system  focuses  on 
neurogenic  and  myogenic  factors  in  regulation  of  muscle 
metabolism.   These  studies  emphasize  the  necessity  for 
critical  re-evaluation  of  various  established  concepts.   The 
neuroimmunological  aspects  of  trophic  nerve  function  have 
been  investigated  and  have  shown  that  neurons  in  homographs 
can  survive  transplantation  even  when  involved  in  an  immune 
response.   The  prospective  significance  is  that  eventually 
neurons  transplanted  from  one  person  to  another  might  become 
functional  in  patients  in  which  diseases  resulted  in  neuron 
death. 

Brain  studies  using  hypertonic  solutions  have  revealed 
a  direct  reversible  effect  on  the  permeability  of  the  blood 
brain  barrier.   Peroxidase  tracer  was  found  to  pass  through 
the  tight  junctions  that  join  adjacent  cells.   These 
phenomena  may  be  of  importance  in  human  pathological  con- 
ditions.  Serotonin  has  been  found  to  increase  the  perm- 
eability of  the  larger-than-capillary  blood  vessels  in  the 
brain.   Structural  studies  on  the  basis  of  synaptic  trans- 
mission have  aided  in  understanding  how  synaptic  vesicles 
store  neurotransmitters  and  have  shown  that  the  mechanisms  for 
transmitter  release  are  similar  to  that  of  release  of  glandular 
secretions.   Alteration  of  brain  metabolism  by  means  of  drugs 
or  electroshock  has  produced  some  preliminary  evidence  that 
indicates  an  association  between  cyclic  adenosine  monophos- 
phate and  the  adrenergic  system  and  between  cyclic  guano- 
sine  monophosphate  and  the  cholinergic  system.   These  may  be 
important  basic  findings  in  the  brain  metabolism  of  neuro- 
transmitters . 

How  sensory  systems  connect  and  integrate  their  functions 
with  the  central  nervous  system  comprises  a  major  interest  of 
the  Intramural  Research  Program.   The  use  of  the  previously 
developed  dichroic  microspectrophotometer  has  led  to  the 
finding  that  in  the  dark  the  visual  pigment  molecules  are 
aligned  on  the  photoreceptor  membranes  and  remain  oriented  on 
the  membranes  after  bleaching.   The  investigations  of  membrane 
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properties  of  photoreceptors  in  several  species  have  shown 
that  the  membrane  response  to  light  is  more  complicated  than 
previously ■ supposed.   Studies  on  neural  interactions  gave 
evidence  that  visual  receptors  of  primitive  animals  subserve 
some  integrative  functions  which  are  performed  by  the  CNS 
in  higher  animals.   Parallel  studies  on  morphology  and 
physiology  of  the  retina  have  continued.   These  studies 
define  how  retinal  cells  connect  and  interact  to  bring  about 
electrical  discharges  in  the  ganglion  cells. 

The  Intramural  Program  continues  to  study  the  response 
of  primates  after  dysfunction  of  the  CNS  has  been  induced  by 
various  means.   Cortical  lesions  were  found  to  profoundly 
effect  the  social  behavior  of  monkeys.   Major  bilateral 
lesions,  homological  to  human  speech  areas,  produce  only 
minor  effects  in  vocalization  while  combined  prefrontal  and 
anterior  temporal  lesions  lead  to  permanent  total  defects. 
Asphyxial  insults  to  the  brain  of  longer  than  9  minutes  lead 
to  dramatic  accumulation  of  glycogen  in  astrocytes.   Exposure 
to  carbon  monoxide  produced  necrosis  of  the  white  matter  of 
the  brain.   This  appears  in  a  large  proportion  of  animals 
surviving  acute  intoxication  by  carbon  monoxide.   Two  types 
of  brain  pathology  occur  in  animals  subjected  to  cyanide, 
either  brain  swelling  with  focal  cortical  necrosis  or 
bilateral  zones  of  necrosis  in  white  matter.   Rapid  drops 
in  mean  arterial  blood  pressure  in  juvenile  monkeys  were 
found  to  be  damaging  to  the  brain.   Less  rapid  depressions  of 
the  blood  pressure  were  less  harmful  providing  the  hypo- 
tension was  of  short  duration.   X-irradiation  of  the  visual 
cortex  has  led  to  delayed  long-term  periodic  brain  swelling 
and  retrograde  trans-synaptic  degeneration  within  the  visual 
system. 

Some  new  basic  knowledge  has  been  gained  from  neuro- 
chemical studies.   The  astrocyte  is  now  believed  to  be  both 
a  high  chloride  and  high  potassium  cell  and  to  function  as 
a  spatial  buffer  by  taking  up  the  excess  potassium  released 
by  neuronal  activity.   A  means  of  preventing  glia  swelling 
has  been  found  by  inhibiting  a  glial  enzyme  with  aceta- 
zolamide.   A  new  form  of  ATPase  that  is  activated  by 
bicarbonate  has  been  identified.   These  findings  are  considered 
relevant  to  the  problems  of  epilepsy  and  cerebral  edema. 
Extensive  studies  on  enzymes  of  the  cell  membrane  indicate 
that  of  the  many  enzymes  proposed,  only  adenyl-cycla se  can  be 
considered  probable  as  a  specific  marker  enzyme  for  membranes. 
This  finding  will  materially  aid  studies  on  isolated  membranes. 
Lipid  components  necessary  for  phosphorylation  of  ATPase,  the 
transport  enzyme,  have  been  identified.   Considerable  insight 
has  been  gained  into  the  detailed  mechanisms  by  which  this 
enzyme  mediates  monovalent  cation  transport.   Other  transport 
studies  have  shown  that  in  bacteria  a  completely  functioning 
electron  transport  system  is  needed  to  activate  amino  acid 
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transport.   Acidic  lipids  have  been  found  to  inhibit  molecular 
transport  through  cell  membranes  and  this  offers  an  explanation 
why  these  substances  are  used  as  antimicrobial  food  additives. 

Progress  has  continued  in  detenrdning  how  to  use  infor- 
mation derived  from  the  nervous  system  for  the  purpose  of 
controlling  limb  prostheses  and  how  to  deliver  stimuli  to  the 
nervous  system  for  control  of  its  activity.   Some  materials, 
cyanoacrylate  adhesives  and  sintered  tantalum- tantalum  oxide, 
have  been  identified  which  give  promise  of  being  compatible 
with  neural  tissue  and  thus  suitable  for  stimulating  or  recording 
from  nerve,  brain  or  spinal  cord.   A  new  type  of  "thumbtack" 
electrode  has  been  developed  for  chronic  implantation  in  a 
single  cortical  nerve  cell.   In  test  animals,  successful 
recordings  have  continued  for  months .   A  microelectrode 
introducer-manipulator  has  been  designed  for  single  nerve  cell 
studies  in  the  human  cortex.   A  newly  developed  capacitor 
electrode  appears  promising  for  stimulating  small  regions  of 
the  nervous  system.   Since  electricity  does  not  flow  between 
this  type  electrode  and  the  electrolyte  surrounding  it,  electro- 
chemical reactions  that  would  be  harmful  at  the  tissue-electrode 
interface  do  not  occur.   New  techniques  have  been  developed 
for  making  arrays  of  tubes  and  grooves  in  various  materials 
for  the  purpose  of  recording  from  single  nerve  fibers. 

Two  Intramural  Research  Laboratories  have  collaborated 
and  found  an  exact  correlation  between  function  of  motor  units 
and  three  histochemical  types  of  muscle  fibers.   Fundamental 
research  of  this  type  encompasses  studies  in  synaptic  organi- 
zation among  motor  units  of  the  three  recognized  types ,  empha- 
sizing particularly  the  organization  of  supraspinal  input 
systems.   Studies  of  cortical  control  mechanisms  have  created 
considerable  optimism  that  signals  from  the  motor  cortex  will 
ultimately  be  used  for  the  control  of  prosthetic  devices, 
provided  the  technical  problems  of  obtaining  long-term  chronic 
implantation  of  electrodes  can  be  resolved.   A  major  effort 
continues  toward  developing  a  sensory  prosthesis  for  the  blind. 
Feasibility  of  using  direct  stimulation  to  the  cortex  for  the 
purpose  of  a  prosthesis  has  not  been  established  or  disproved, 
but  much  pertinent  information  has  been  gained.   Electrical 
stimulation  was  found  to  be  sufficient  by  itself  to  open  the 
blood  brain  barrier  and  allow  entry  of  certain  large  molecules. 
This  barrier  response  to  stimulation  can  be  reduced  by  substances 
which  prevent  synthesis  or  release  of  catecholamines.   The 
finding  that  human  beings  can  perceive  simple  patterns  when 
only  a  few  electrodes  are  activated  may  be  important.   In- 
vestigations on  functional  neuromuscular  stimulation  has  been 


introduced  into  the  neural  control  studies.   This  is  an  im- 
portant area  because  the  techniques  and  basic  knowledge  are 
available  to  put  this  applied  technology  to  work  immediately 
for  certain  victims  of  paralysis  and  stroke. 

During  the  past  year  28  of  190  active  projects  were 
terminated,  an  unusually  large  number  as  compared  to  other 
years.   Thirty-one  new  projects  have  been  started,  also  fewer 
than  last  year  by  ten.   One  hundred  and  forty-six  projects  are 
currently  active  in  contrast  to  158  one  year  ago.   We  believe 
these  differences  occurred  because  of  staff  loss  or  its  antici- 
pation under  the  imposed  personnel  ceiling  restrictions.   Any 
further  reductions  in  number  of  employees  available  to  the 
IR  programs  would  severely  hamper  our  research  progress. 
Thirty-six  studies  were  collaborative  with  units  at  NIH  in 
other  Institutes  and  twenty-four  with  other  research  organi- 
zations away  from  NIH.   Fifteen  investigations  were  conducted 
in  cooperation  with  a  combination  of  both  an  NIH  and  an  outside 
laboratory.   This  extensive  interaction  with  other  research 
efforts  attests  to  influence  of  the  intramural  program  upon 
the  broader  research  community. 
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During  the  past  12  months,  the  Section  on  Technical  Development 
continued  to  fulfill  its  traditional  role  of  support  of  NIMH  and  NINDS 
research  efforts.  Continuing  assistance  was  made  available  in  shop 
help,  special  purpose  instruments,  instrumentation  systems,  and  assistance 
in  computer  oriented  research  and  digital  instrumentation. 

The  major  load  on  the  Section  in  the  past  year  has  continued  to  he 
related  to  support  of  computer  installations,  principally  the  Building  10 
8lOB  system  which  is  now  beginning  to  work  with  reasonable  reliability 
in  on-line  experiments,  and  the  rat-colony,  data-collection  system  at 
Poolesville  which  has  occupied  us  with  problems  of  maintenance,  expansion 
and  modification. 

The  Section  continues  as  before  to  support  three  laboratory  computers 
for  general  use.  Table  I  gives  a  breakdown  of  their  usage  by  Institute. 
Table  II  shows  a  breakdown  of  Section  activity  by  laboratory.  As  usual, 
almost  all  research  within  the  Section  has  involved  collaboration  with 
laboratories  in  NIMH  and  NINDS  and  is,  therefore,  reported  as  part  of  the 
projects  in  the  laboratories  involved.  Exceptions  to  the  foregoing  include 
a  small  but  continuing  effort  in  netiral  modeling  in  collaboration  with  the 
Laboratory  of  Applied  Studies,  DCRT,  and  development  of  equipment  to 
investigate  the  nature  of  motor  deficits  in  patients  with  either  dystonia 
or  Parkinson's  disease. 

The  equipment  to  measure  motor  dysfunction  has  progressed  to  the  point 
of  carrying  out  a  few  exploratory  measurements  on  Parkinson  patients  made 
available  by  the  Section  on  Experimental  Therapeutics,  Laboratory  of 
Clinical  Science,  NIMH.  The  results  of  these  measurements  encourage  us  to 
believe  that  we  shall  be  able  to  characterize  a  patient's  dysfunction  in 
terms  of  motor-system  damping  expressed  as  a  time-varying  parameter,  which 
in  turn  should  yield  insight  into  the  natiire  of  function  and  dysfunction 
in  the  gamma  motor  system.  Since  our  initial  measurements  revealed  in- 
adequacies in  the  torque  motor  used  in  the  experiments,  the  system  is  now 
being  reworked  with  a  new  motor  in  a  form  to  be  used  in  Building  10  for 
routine  data  collection  with  patients.  This  system  should  be  operational 
by  July  1,  1972. 

A  total  of  151  projects  were  completed  in  the  last  year.  A  large 
portion  of  these  consisted  of  routine  fabrication  of  various  chambers,  baths. 
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electrode  holders,  and  jigs  for  experimental  use  as  veil  as  many  small 
electronic  devices. 

Major  systems  included: 

(1)  Preparation  of  a  large-animal  EEG  telemetry  system  with 
one -half  mile  range  for  study  of  sleep  patterns  in  free 
ranging  wild  animals  -  Laboratory  of  Psycho"biology,  NIMH, 
(in  process) . 

(2)  Development  of  electronics  for  scanning  microspectrophotometer 
in  collaboration  with  the  Section  on  Sensory  Physiology, 
Laboratory  of  Neurophysiology,  EiTKDS. 

(3)  Projecting  densitometer  for  quantitative  evaluation  of 
autoradiograms  -  Laboratory  of  Experimental  Neurology,  NINDS. 

(U)  Portable  System  for  Infant  Learning  Experiments  -  Section  on 
Perception,  Laboratory  of  Psychology,  NIMH,  (in  process). 

(5)   Collaborative  activity  with  the  Section  on  Pathology, 

Perinatal  Research  Branch,  NINDS  in  the  development  of  a 
computerized  image  analysis  system  for  grain  counting  in 
autoradiograms . 


TABLE  I 


LABORATORY  COMPUTER  UTILIZA.TION 


NIMH 


NINDS 


Classic  LINC 

100/0 

MicroLINC 

13lo 

PDP-12 

J\1o 

NICHD 

TOTAL  HOURS 

0 

2920 

0 

1912 

3/0 

228U 
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TABLE  II 

APPORTIOKMEIfP  OF  EFI^'ORT 

ENGIKEERICTG  &  FABRICATION  TIME 

MAJOR  USERS 

LABORATORY  OR  BRAUCH 

RIMH  8IOB  Computer  (includes  Programmer)  -  -  -  -  - 

Psychology,  MMH  ------------   --__ 

Clinical  Psychoblology,  MMH.     ----------- 

Brain  Evolution  &  Behavior,  MIMH   -------- 

Office  of  the  Director,  KLWS     ---------- 

Technical  Development,  NIMH-WIEDS  -------- 

Neurophysiology,  NINDS  ------  -----  

Experimental  Neurology,  NINDS   ------  __- 

Adult  Psychiatiy,  NIMH  --------   __- 

Behavioral  Biology,  NICHD  ------------ 

Biophysics,  NINDS   ---------------- 

General  &  Comparative  Biochemistry,  NIMH   -  -  -  - 

Neuropathology  &  Neuroanatomical  Sciences,  NTNDS  - 

Clinical  Science,  NIMH  -------  ----- 

Neurochemistry,  NIMH   -------------- 

Molecular  Biology,  NINDS  ----  ------- 

Neural  Control,  NINDS    --------_-_-- 

Intramural  Research,  NINDS   ----------- 

Neurophysiology,  NIMH  -------------- 

All  other  NINDS  Labs   

All  other  NIMH  Lahs    ____-------_ 


NIMH  (Total) 
NINDS  (Total) 
NICHD  (Total) 


HOURS 

PERCENT 

5292 

36k2 
3204 

2340 
1856 
1663 

1494 
1380 

1364 
1096 
969 
449 
437 
354 
328 
322 
310 
304 
301 
297 
172 

19.17 
13.19 
11.6 
8.47 
6.72 
6.02 
5.41 

4,99 

4.94 

3.97 
3.51 
1.62 
1.58 
1.28 
1.18 
1.16 
1.12 
1.10 
1.09 
1.07 
.62 

18,509 
7,999 
1,096 

67.05 

28.97 

3.97 

TOTAL  27,604     100.0 


* 


Not  included  in  the  foregoing  totals  or  in  the  breakdown  by  laboratory 
are  8OO  hours  spent  in  routine  maintenance  internal  to  the  Section,  and 
the  time  of  the  Section  Chief. 
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ANNUAL  REPORT 
July  1,  1971  through  June  30,  1972 
Report  of  Acting  Clinical  Director 
National  Institute  of  Neurological  Diseases  and  Stroke 

J.  M.  Van  Buren,  M.  D. 

The  Branches  of  Electroencephalography,  Surgical  Neurology,  and  Medical 
Neurology  carry  on  the  clinical  and  clinically  applied  studies  of  Intramural 
Research,  NINDS. 

A.   BRANCH  OF  ELECTROENCEPHALOGRAPHY. 

The  EEC  Branch  has  continued  to  provide  a  clinical  diagnostic  service 
amounting  to  about  45  percent  of  man  years  of  the  Department.   This  has 
included  a  total  of  1,353  EEC  tracings  of  which  two-thirds  were  done  for  the 
NINDS.   Twenty-eight  electrocorticograms  were  performed  in  the  course  of 
surgical  exposure  of  the  cerebral  cortex  for  the  treatment  of  focal  epilepsy. 

Studies  in  lower  animals  were  as  follows : 

Microiontophoretic  application  of  various  substances  in  the  supraoptic 
nucleus  of  the  cat  demonstrated  that  these  cells  possess  two  functionally 
distinct  cholinoceptive  sites  (a  nicotinic  and  a  muscarinic  one)  leading 
respectively  to  their  excitation  and  depression. 

In  aplysia  cyanide  produced  decreased  membrane  resistance  and  steady 
hyperpolarization.   Salycilate  and  organic  anions  caused  increased  membrane 
permeability  to  potassium  and  a  decreased  permeability  to  chloride.   A  reverse 
effect  was  seen  with  procaine  and  organic  cations  suggesting  possible  mechanisms 
involved  in  the  action  of  analgesics  and  local  anesthetics. 

GABA  appeared  to  employ  different  ionic  mechanisms  to  depolarize  different 
terminals  and  hyperpolarize  motor  neurons.   This  was  demonstrated  on  the  dorsal 
and  ventral  root  of  potentials  of  isolated  frog  spinal  cords.   Dorsal  root 
depolarizations  induced  by  both  GABA  and  glutamate  and  ventral  root  depolariza- 
tion induced  by  glutamate  appear  to  be  sodium  dependent  whereas  the  GABA-induced 
ventral  root  polarization  seemed  Cl-dependent.   Picrotaxin  and  strychnine 
showed  that  the  former  but  not  the  latter  tended  to  block  all  GABA-mediated 
events.   The  mechanism  of  action  of  some  convulsive  agents  could  be  through  a 
GABA  antagonism  both  at  pre-  and  post-synaptic  levels. 

In  the  hippocampus,  firing  patterns  in  ictal  and  inter-ictal  periods  were 
reviewed  and  it  is  suggested  that  due  to  variations  with  time  it  is  dangerous 
to  draw  conclusions  as  to  the  particular  type  of  involved  neuron  on  the  basis 
of  the  firing  pattern.   It  is  further  shown  that  relatively  small  regions 
(CAl-2  or  CA2-3)  of  the  hippocampal  formation  exhibit  electrographic  epilepti- 
form phenomena  which  is  not  dependent  on  either  intrinsic  or  extrinsic 
connections.   Membrane  potentials  of  glial  cells  also  showed  characteristic 
changes  related  to  paroxysmal  events  in  "epileptic"  neurons.   This  appeared 

Id 


in  some  cases  related  to  the  ictal  episode  and  probably  represented  an 
excessive  accumulation  of  potassium  in  the  extracellular  spaces. 

Clinical  studies  were  as  follows: 

Following  initial  investigation  in  the  cat  of  the  changes  in  ratio  of 
oxydized  to  reduced  nicotine  adenine  dinucleotide  by  fluorometric  monitoring, 
preliminary  studies  were  made  in  human  cerebral  cortex  during  exposure  for 
seizure  surgery.   Time  has  been  spent  in  further  adaptation  of  this  instrument 
for  surgical  conditions. 

In  18  patients  following  temporal  lobectomy  studies  of  reaction  time  in 
the  upper  limbs  showed  a  significant  prolongation  in  the  immediate  postexcision 
period  with  variable  patterns  of  recovery  to  preoperative  reaction  time  values 
or  with  no  apparent  recovery  in  five  weeks. 

A  study  of  electrocorticography  during  exposure  for  focal  cortical 
excision  has  been  made  correlating  the  ECG  findings  with  the  pre-  and  post- 
operative EEC  and  clinical  results.   This  project  is  continuing. 

B.   BRANCH  OF  SURGICAL  NEUROLOGY. 

As  in  the  past,  the  studies  of  this  Branch  are  divided  into  the  following 
headings:   Tumors  of  the  CNS,  Vascular  Disease  of  the  CNS,  Epilepsy,  Dyskinesias, 
Speech,  Memory  and  Cognitive  Function  in  Man,  and  the  Effects  of  Trauma  on  the 
CNS. 

Tumors  of  the  CNS: 


In  the  past  year  the  tomoscanner  has  been  installed  and  initial  clinical 
trials  are  underway.   Continuing  interest  in  isotope  ventriculography  and 
isotope  cisternography  have  shown  the  practicality  of  combining  these  studies 
with  pneumoencephalography  and  further  studies  are  being  underway  to  map  the 
downward  flow  of  CSF  in  the  spinal  canal  from  the  ventricular  system.   The 
hoped-for  brain  tumor  model  with  the  Rous  sarcoma  virus  has  provided  smaller 
diffuse  lesions  and  thus  has  not  been  of  great  use  as  a  model  for  test  of 
detection  methods.   Some  encouragement  has  been  gained  in  12  patients  treated 
with  CCNU  and  8-Azaguanine  that  some  improved  quality  of  survival  is  achieved. 
Younger  patients  appear  to  withstand  treatment  better  than  older  ones.   A 
glycoprotein  has  been  found  in  high  concentration  in  glioblastomas  and  in  fetal 
brain  and  much  lower  in  control  material  taken  from  epileptic  excisions. 

Vascular  Disease  of  the  CNS: 


Radionuclide  angiography  has  been  applied  for  the  first  time  in  arterio- 
venous malformations  of  the  spinal  cord  and  has  produced  useful  visualizations. 
These  studies  were  supplemented  by  special  microangiographic  in  fetal  and 
embryonic  human  spinal  cords  to  show  patterns  of  maturation.   Use  of  pressor 
amine  aortography  and  abdominal  compression  aortography  and  vital  dyes  have 
shown  patterns  of  blood  flow  both  in  the  venous  and  arterial  systems  useful  in 
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understanding  the  mechanism  of  local  spinal  ischemia.   A  reproducible  experi- 
mental stroke  model  in  the  monkey  has  been  produced  by  middle  cerebral 
arterial  occlusion.   This  preparation  is  being  studied  by  a  variety  of  means 
to  determine  local  cerebral  blood  flow,  vascular  patency  and  cerebral-spinal 
fluid  flow.   In  one  instance  it  has  been  possible  to  study  the  angiographic 
features  of  radiation  myelitis  of  the  human  spinal  cord. 

Epilepsy: 

In  the  cat  strychnized  cerebral  cortex,  a  fall  in  the  cell  membrane 
resistance  was  found  and  evidence  that  epileptic  activity  requires  a 
"synchronous"  presynaptic  bombardment.   In  collaboration  with  the  Branch  of 
EEG,  particular  interest  has  been  taken  in  the  application  of  fluorometric 
monitoring  of  nicotinamide  adenine  dinucleotide  following  short  periods  of 
electrical  stimulation  of  the  cortex.   The  relationship  of  this  to  natural 
human  epileptiform  activity  is  being  studied. 

Dyskinesias : 

Basic  studies  on  the  anatomy  of  the  extrapyramidal  system  continue.   In 
the  chimpanzee  a  study  of  the  lemniscal  and  cerebellar  inflow  to  the  thalamus 
demonstrated  that  it  does  not  conform  to  the  traditionally  accepted  pattern. 
Both  enter  the  thalamus  in  the  large  cell  posterior  thalamic  nuclei  (V.c). 
However,  the  cerebellar  inflow  enters  the  anterior  part  (n.  ventrointermedius) 
while  the  lemniscal  inflow  enters  the  posterior  portion  (n.  ventrocaudalis) . 
This  cytoarchitectural  division  has  been  largely  overlooked  in  the  macaque 
monkey  where  it  is  poorly  developed  but  becomes  very  evident  in  the  chimpanzee 
and  especially  in  man.   Special  observation  of  cognitive  function  in  47  patients 
over  an  average  of  17  months  following  thalamotomy  showed  a  mild  decline  in 
test  scores  or  with  verbal  material  following  left  tnalamotomy  or  with  nonverbal 
material  with  a  lesion  in  the  right  thalamus.   The  results  are  somewhat 
tentative  due  to  the  progressive  nature  of  Parkinsonism  and  were  not  severe 
enough  to  form  a  contraindication  to  surgical  treatment.   Studies  of  L-dopa 
added  to  thalamotomy  indicate  a  synergistic  effect  of  the  two  modes  of  treat- 
ment.  It  is  noted  as  well  that  L-dopa  induced  chorea  did  not  occur  on  the  side 
opposite  to  the  previous  thalamotomy,  suggesting  a  similarity  in  mechanism  of 
the  drug- induced  dyskinesia  to  the  naturally  occurring  disease. 

Speech,  Memory  and  Cognitive  Function  in  Man; 

Stimulation  of  human  subjects  under  local  anesthesia  confirm  the  temporary 
language  impairment  and  an  independent  memory  loss  from  the  left  hemisphere 
while  on  the  right  side  stimulation  produced  difficulties  with  visual,  nonverbal 
and  spacial  material.   A  differential  effect  on  long-term  and  short-term  memory 
was  seen  in  comparing  the  responses  from  the  anterior  and  posterior  temporal 
region.   Studies  with  temporal  lobectomies  demonstrate  that  removals  on  the 
left  side  produce  more  deficits  in  using  verbal  code  or  language-dependent 
rules  than  the  normal  right-sided  removals.   Patients  with  right-sided  removals 
experience  greater  difficulty  with  nonverbal  tasks. 
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Effects  of  Trauma  on  the  CNS ; 

The  importance  of  rotation  in  head  trauma  in  producing  concussion  has 
been  demonstrated  as  versus  pure  acceleration  injury.   In  lower  primates, 
somatosensory  evoked  potentials  have  proved  a  useful  index  of  traumatic 
unconsciousness  and  are  currently  being  used  to  evaluate  this  process. 

C.   BRANCH  OF  MEDICAL  NEUROLOGY. 

New  techniques  have  opened  a  number  of  areas  to  investigation.   Open 
biopsy  electromyography  has  permitted  close  correlation  of  muscle  histo- 
chemistry with  electrical  activity  of  the  muscle  fibers.   Improvements  in  tissue 
culture  have  permitted  about  80%  growth  of  biopsy  samples  facilitating  work 
with  both  histochemistry  and  electron  microscope  examination.   A  diseased  human 
muscle  has  been  grown  including  rod  disease,  central  core  disease  and  muscle 
with  abnormal  mitochondria.   Radioisotopic  biochemical  assays  of  small  samples 
of  biopsied  muscle  have  shown  reduced  oxidation  of  pyruvate  in  50%  of  patients 
with  spinocerebellar  degeneration  and  30%  of  patients  with  idiopathic  or 
familial  neuropathy.   Changes  in  metabolism  have  been  seen  in  skin  fibroblasts 
in  two  sibs  with  Friedreich's  ataxia. 

Immunoglobulin  aggregates  have  been  seen  in  vessels  both  in  patients  with 
subacute  sclerosing  panencephalitis  and  in  poljrmyositis/derTnatomyositis.   In 
the  latter  instance  these  immunoglobulin  abnormalities  combined  with  C3  may 
indicate  an  immune  abnormality  either  to  cancer  which  may  be  associated  with 
this  disease  complex  or  both  of  them  secondary  to  virus  infection. 

In  conjunction  with  NIMH  a  reduced  central  synthesis  of  dopamine  has  been 
seen  in  amyotrophic  lateral  sclerosis.   This  is  the  first  metabolic  deficit 
found  in  this  disease  and  its  significance  is  under  current  investigation. 

A  number  of  so-called  "myopathic"  disorders  have  been  found  probably  to 
be  neuropathic  in  nature.   In  the  case  of  the  muscle  cachectic  atrophy  often 
associated  with  cancer,  it  is  a  selective  damage  to  histochemical  type  II 
muscle  fibers.   It  is  proposed  that  this  is  a  pan-neuropathy  of  all  lower  motor 
neurons  mainly  affecting  trophic  function  to  which  the  type  II  is  more 
susceptible.   It  is  of  importance  in  that  neuropathy  which  may  be  the  most 
crippling  part  of  the  cancer  might  be  treatable  even  if  the  primary  cancer 
were  not. 

Alternate-day  prednisone  treatment  has  been  found  effective  in  polymyositis/ 
dermatomyositis  in  children  and  adults,  the  latter  with  or  without  the  associated 
small  distant  cancer.   It  has  also  been  an  accepted  treatment  now  in  myasthenia 
gravis  and  encouraging  results  have  been  obtained  in  idiopathic  recurrent 
neuropathy. 
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ANNUAL  REPORT 

July  1,  1971  through  June  30,  1972 

Report  of  Acting  Clinical  Director 

National  Institute  of  Neurological  Diseases  and  Stroke 

J.  M.  Van  Buren,  M.  D. 

The  Branches  of  Electroencephalography,  Surgical  Neurology,  and  Medical 
Neurology  carry  on  the  clinical  and  clinically  applied  studies  of  Intramural 
Research,  NINDS. 

A.   BRANCH  OF  ELECTROENCEPHALOGRAPHY. 

The  EEC  Branch  has  continued  to  provide  a  clinical  diagnostic  service 
amounting  to  about  45  percent  of  man  years  of  the  Department.   This  has 
included  a  total  of  1,353  EEC  tracings  of  which  two-thirds  were  done  for  the 
NINDS.   Twenty-eight  electrocorticograms  were  performed  in  the  course  of 
surgical  exposure  of  the  cerebral  cortex  for  the  treatment  of  focal  epilepsy. 

Studies  in  lower  animals  were  as  follows: 

Microiontophoretic  application  of  various  substances  in  the  supraoptic 
nucleus  of  the  cat  demonstrated  that  these  cells  possess  two  functionally 
distinct  cholinoceptive  sites  (a  nicotinic  and  a  muscarinic  one)  leading 
respectively  to  their  excitation  and  depression. 

In  aplysia  cyanide  produced  decreased  membrane  resistance  and  steady 
hyperpolarization.   Salycilate  and  organic  anions  caused  increased  membrane 
permeability  to  potassium  and  a  decreased  permeability  to  chloride.   A  reverse 
effect  was  seen  with  procaine  and  organic  cations  suggesting  possible  mechanisms 
involved  in  the  action  of  analgesics  and  local  anesthetics. 

GABA  appeared  to  employ  different  ionic  mechanisms  to  depolarize  different 
terminals  and  hyperpolarize  motor  neurons.   This  was  demonstrated  on  the  dorsal 
and  ventral  root  of  potentials  of  isolated  frog  spinal  cords.   Dorsal  root 
depolarizations  induced  by  both  GABA  and  glutamate  and  ventral  root  depolariza- 
tion induced  by  glutamate  appear  to  be  sodium  dependent  whereas  the  GABA-induced 
ventral  root  polarization  seemed  Cl-dependent.   Picrotaxin  and  strychnine 
showed  that  the  former  but  not  the  latter  tended  to  block  all  GABA-mediated 
events.   The  mechanism  of  action  of  some  convulsive  agents  could  be  through  a 
GABA  antagonism  both  at  pre-  and  post-synaptic  levels. 

In  the  hippocampus,  firing  patterns  in  ictal  and  inter- ictal  periods  were 
reviewed  and  it  is  suggested  that  due  to  variations  with  time  it  is  dangerous 
to  draw  conclusions  as  to  the  particular  type  of  involved  neuron  on  the  basis 
of  the  firing  pattern.   It  is  further  shown  that  relatively  small  regions 
(CAl-2  or  CA2-3)  of  the  hippocampal  formation  exhibit  electrographic  epilepti- 
form phenomena  which  is  not  dependent  on  either  intrinsic  or  extrinsic 
connections.   Membrane  potentials  of  glial  cells  also  showed  characteristic 
changes  related  to  paroxysmal  events  in  "epileptic"  neurons.   This  appeared 

Id 


in  some  cases  related  to  the  ictal  episode  and  probably  represented  an 
excessive  accumulation  of  potassium  in  the  extracellular  spaces. 

Clinical  studies  were  as  follows: 

Following  initial  investigation  in  the  cat  of  the  changes  in  ratio  of 
oxydized  to  reduced  nicotine  adenine  dinucleotide  by  fluorometric  monitoring, 
preliminary  studies  were  made  in  human  cerebral  cortex  during  exposure  for 
seizure  surgery.   Time  has  been  spent  in  further  adaptation  of  this  instrument 
for  surgical  conditions. 

In  18  patients  following  temporal  lobectomy  studies  of  reaction  time  in 
the  upper  limbs  showed  a  significant  prolongation  in  the  immediate  postexcision 
period  with  variable  patterns  of  recovery  to  preoperative  reaction  time  values 
or  with  no  apparent  recovery  in  five  weeks. 

A  study  of  electrocorticography  during  exposure  for  focal  cortical 
excision  has  been  made  correlating  the  ECG  findings  with  the  pre-  and  post- 
operative EEC  and  clinical  results.   This  project  is  continuing. 

B.   BRANCH  OF  SURGICAL  NEUROLOGY. 

As  in  the  past,  the  studies  of  this  Branch  are  divided  into  the  following 
headings:   Tumors  of  the  CNS,  Vascular  Disease  of  the  CNS ,  Epilepsy,  Dyskinesias, 
Speech,  Memory  and  Cognitive  Function  in  Man,  and  the  Effects  of  Trauma  on  the 

CNS. 

Tumors  of  the  CNS: 


In  the  past  year  the  tomoscanner  has  been  installed  and  initial  clinical 
trials  are  underway.   Continuing  interest  in  isotope  ventriculography  and 
isotope  cisternography  have  shown  the  practicality  of  combining  these  studies 
with  pneumoencephalography  and  further  studies  are  being  underway  to  map  the 
downward  flow  of  CSF  in  the  spinal  canal  from  the  ventricular  system.   The 
hoped-for  brain  tumor  model  with  the  Rous  sarcoma  virus  has  provided  smaller 
diffuse  lesions  and  thus  has  not  been  of  great  use  as  a  model  for  test  of 
detection  methods.   Some  encouragement  has  been  gained  in  12  patients  treated 
with  CCNU  and  8-Azaguanine  that  some  improved  quality  of  survival  is  achieved. 
Younger  patients  appear  to  withstand  treatment  better  than  older  ones.   A 
glycoprotein  has  been  found  in  high  concentration  in  glioblastomas  and  in  fetal 
brain  and  much  lower  in  control  material  taken  from  epileptic  excisions. 

Vascular  Disease  of  the  CNS: 


Radionuclide  angiography  has  been  applied  for  the  first  time  in  arterio- 
venous malformations  of  the  spinal  cord  and  has  produced  useful  visualizations. 
These  studies  were  supplemented  by  special  microangiographic  in  fetal  and 
embryonic  human  spinal  cords  to  show  patterns  of  maturation.   Use  of  pressor 
amine  aortography  and  abdominal  compression  aortography  and  vital  dyes  have 
shown  patterns  of  blood  flow  both  in  the  venous  and  arterial  systems  useful  in 
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understanding  the  mechanism  of  local  spinal  ischemia.   A  reproducible  experi- 
mental stroke  model  in  the  monkey  has  been  produced  by  middle  cerebral 
arterial  occlusion.   This  preparation  is  being  studied  by  a  variety  of  means 
to  determine  local  cerebral  blood  flow,  vascular  patency  and  cerebral-spinal 
fluid  flow.   In  one  instance  it  has  been  possible  to  study  the  angiographic 
features  of  radiation  myelitis  of  the  human  spinal  cord. 

Epilepsy: 

In  the  cat  strychnized  cerebral  cortex,  a  fall  in  the  cell  membrane 
resistance  was  found  and  evidence  that  epileptic  activity  requires  a 
"synchronous"  presynaptic  bombardment.   In  collaboration  with  the  Branch  of 
EEG,  particular  interest  has  been  taken  in  the  application  of  fluorometric 
monitoring  of  nicotinamide  adenine  dinucleotide  following  short  periods  of 
electrical  stimulation  of  the  cortex.   The  relationship  of  this  to  natural 
human  epileptiform  activity  is  being  studied. 

Dyskinesias ; 

Basic  studies  on  the  anatomy  of  the  extrapyramidal  system  continue.   In 
the  chimpanzee  a  study  of  the  lemniscal  and  cerebellar  inflow  to  the  thalamus 
demonstrated  that  it  does  not  conform  to  the  traditionally  accepted  pattern. 
Both  enter  the  thalamus  in  the  large  cell  posterior  thalamic  nuclei  (V.c). 
However,  the  cerebellar  inflow  enters  the  anterior  part  (n.  ventrointermedius) 
while  the  lemniscal  inflow  enters  the  posterior  portion  (n.  ventrocaudalis) . 
This  cytoarchitectural  division  has  been  largely  overlooked  in  the  macaque 
monkey  where  it  is  poorly  developed  but  becomes  very  evident  in  the  chimpanzee 
and  especially  in  man.   Special  observation  of  cognitive  function  in  47  patients 
over  an  average  of  17  months  following  thalamotomy  showed  a  mild  decline  in 
test  scores  or  with  verbal  material  following  left  thalamotomy  or  with  nonverbal 
material  with  a  lesion  in  the  right  thalamus.   The  results  are  somewhat 
tentative  due  to  the  progressive  nature  of  Parkinsonism  and  were  not  severe 
enough  to  form  a  contraindication  to  surgical  treatment.   Studies  of  L-dopa 
added  to  thalamotomy  indicate  a  synergistic  effect  of  the  two  modes  of  treat- 
ment.  It  is  noted  as  well  that  L-dopa  induced  chorea  did  not  occur  on  the  side 
opposite  to  the  previous  thalamotomy,  suggesting  a  similarity  in  mechanism  of 
the  drug- induced  dyskinesia  to  the  naturally  occurring  disease. 

Speech,  Memory  and  Cognitive  Function  in  Man: 

Stimulation  of  human  subjects  under  local  anesthesia  confirm  the  temporary 
language  impairment  and  an  independent  memory  loss  from  the  left  hemisphere 
while  on  the  right  side  stimulation  produced  difficulties  with  visual,  nonverbal 
and  spacial  material.   A  differential  effect  on  long-term  and  short-term  memory 
was  seen  in  comparing  the  responses  from  the  anterior  and  posterior  temporal 
region.   Studies  with  temporal  lobectomies  demonstrate  that  removals  on  the 
left  side  produce  more  deficits  in  using  verbal  code  or  language-dependent 
rules  than  the  normal  right-sided  removals.   Patients  with  right-sided  removals 
experience  greater  difficulty  with  nonverbal  tasks. 
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Effects  of  Trauma  on  the  CNS : 

The  Importance  of  rotation  in  head  trauma  in  producing  concussion  has 
been  demonstrated  as  versus  pure  acceleration  injury.   In  lower  primates, 
somatosensory  evoked  potentials  have  proved  a  useful  index  of  traumatic 
unconsciousness  and  are  currently  being  used  to  evaluate  this  process. 

C.   BRANCH  OF  MEDICAL  NEUROLOGY. 

New  techniques  have  opened  a  number  of  areas  to  investigation.   Open 
biopsy  electromyography  has  permitted  close  correlation  of  muscle  histo- 
chemistry with  electrical  activity  of  the  muscle  fibers.   Improvements  in  tissue 
culture  have  permitted  about  80%  growth  of  biopsy  samples  facilitating  work 
with  both  histochemistry  and  electron  microscope  examination.   A  diseased  human 
muscle  has  been  grown  including  rod  disease,  central  core  disease  and  muscle 
with  abnormal  mitochondria.   Radioisotopic  biochemical  assays  of  small  samples 
of  biopsied  muscle  have  shown  reduced  oxidation  of  pyruvate  in  50%  of  patients 
with  spinocerebellar  degeneration  and  30%  of  patients  with  idiopathic  or 
familial  neuropathy.   Changes  in  metabolism  have  been  seen  in  skin  fibroblasts 
in  two  sibs  with  Friedreich's  ataxia. 

Immunoglobulin  aggregates  have  been  seen  in  vessels  both  in  patients  with 
subacute  sclerosing  panencephalitis  and  in  poljnnyositis/dermatomyositis.   In 
the  latter  instance  these  immunoglobulin  abnormalities  combined  with  C3  may 
indicate  an  immune  abnormality  either  to  cancer  which  may  be  associated  with 
this  disease  complex  or  both  of  them  secondary  to  virus  infection. 

In  conjunction  with  NIMH  a  reduced  central  synthesis  of  dopamine  has  been 
seen  in  amyotrophic  lateral  sclerosis.   This  is  the  first  metabolic  deficit 
found  in  this  disease  and  its  significance  is  under  current  investigation. 

A  number  of  so-called  "myopathic"  disorders  have  been  found  probably  to 
be  neuropathic  in  nature.   In  the  case  of  the  muscle  cachectic  atrophy  often 
associated  with  cancer,  it  is  a  selective  damage  to  histochemical  type  II 
muscle  fibers.   It  is  proposed  that  this  is  a  pan-neuropathy  of  all  lower  motor 
neurons  mainly  affecting  trophic  function  to  which  the  type  II  is  more 
susceptible.   It  is  of  importance  in  that  neuropathy  which  may  be  the  most 
crippling  part  of  the  cancer  might  be  treatable  even  if  the  primary  cancer 
were  not. 

Alternate-day  prednisone  treatment  has  been  found  effective  in  polymyositis/ 
dermatomyositis  in  children  and  adults,  the  latter  with  or  without  the  associated 
small  distant  cancer.   It  has  also  been  an  accepted  treatment  now  in  myasthenia 
gravis  and  encouraging  results  have  been  obtained  in  idiopathic  recurrent 
neuropathy. 
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Serial  No.  NDS (I) -66-ODIR   1460 
1.   Office  of  the  Director  of 

Intramural  Research 
2. 
3.   Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Speech  habilitation  of  the  congenitally  deaf — 

Fundamental  problems  and  suggested  directions 

Previous  Serial  Number :   Same 

Principal  Investigator:   Rosalind  B.  Marimont 

Other  Investigators:   None 

Cooperating  Units:   None 

Man  Years : 

Total:  0.1 

Professional:  0.1 

Other:  0.0 

Project  Description: 

Objectives ;   To  analyze  the  reasons  for  the  general  lack 
of  success  in  speech  habilitation  of  the  congenitally  deaf  and 
to  suggest  areas  of  research  which  might  contribute  to  progress, 

Methods : 

1.  Review  of  literature. 

2.  Consultation  with  teachers  of  the  deaf,  and 
experts  in  allied  fields —  engineering,  speech  studies,  and 
physiology,  among  others. 

3.  Analysis  of  problems. 

Major  Findings;   Computer  processing  of  speech —  decoding, 
synthesis,  and  other  modifications  has  made  rapid  progress  in 
recent  years.   There  is  a  need  for  interdisciplinary  work  in 
using  these  advances  to  further  speech  habilitation  of  the 
congenitally  deaf.   Suggestions  for  such  projects  were  given 
to  the  Task  Force  on  Communicative  Disorders  appointed  by 
Dr.  Huber,  of  C&FR. 
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Proposed  Course  of  Project;   To  follow  developments  in 
the  field  and  possibly  resume  active  work  at  some  later  date. 

Honors  and  Awards:   None 

Publications:   None 
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Serial  No.  NDS (I) -68-ODIR   1554 
1.   Office  of  the  Director  of 

Intramural  Research 
2. 
3.   Bethesdaf  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Pure  and  applied  mathematics,  with  special 

attention  to  mathematical  models  of  sensory 
systems  and  of  research  institutions 

Previous  Serial  Number:   Same 

Principal  Investigator:   Rosalind  B.  Marimont 

Other  Investigators :   None 

Cooperating  Units:   Mathematical  Research  Branch,  NIAMD 

Man  Years : 

Total:     ,  0.3 

Professional:  0.3 

Others:  0.0 

Project  Description: 

Objectives :   To  conduct  research  in  pure  and  applied 
mathematics,  with  special  attention  to  mathematical  models  of 
sensory  systems  and  also  of  scientific  research  institutions. 
The  latter  will  be  directed  toward  improving  the  scientific 
management  decision  making  process  (systems  analysis) . 

Methods  Employed:   Mathematical  Analysis 

Major  Findings:   Systems  analysis  is  playing  an 
increasing  part  in  attempts  to  improve  effectiveness  of 
academic  medical  institutions.   NIH  has  assumed  a  role  in 
fostering  applications  of  system  analysis  to  health  centers 
(See  Proceedings  of  NIH  Conference  February  1971,  "The  Role 
of  the  NIH  in  Fostering  the  Application  of  Systems  Analysis 
by  Academic  Medical  Centers"). 

Proposed  Course  of  Project:  To  study  models  already 
developed  and  determine  their  applicability  to  intramural 
research,  and  to  improve  these  models  or  develop  new  ones. 
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Honors  and  Awards;   None 
Publications:   None 
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Serial  No.  NDS (I) -70-ODIR   1789 
1.   Office  of  the  Director  of 

Intramural  Research 
2. 
3.   Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   The  physical  Senses 

Previous  Serial  Number:   Same 

Principal  Investigator:   Edith  L.R.  Corliss,  Physicist 

Other  Investigators:   None 

Cooperating  Units:   None 


Man  Years : 

Total: 

0.3 

Professional : 

0.3 

Other : 

0.0 

Project  Description: 

Objectives:   Preparation  of  a  publication  summarizing 
and  interpreting  experimental  results  on  the  properties  of 
the  normal  hiiman  senses  of  sight,  touch  and  hearing.   These 
intact  human  senses  are  to  be  considered  quantitatively 
somewhat  by  analogy  to  the  description  and  evaluation  of 
measuring  instruments,  i.e.,  which  mechanisms  are  optimized, 
what  resolution  limits  are  obtained,  over  what  dynamic  range 
do  they  function? 

Major  Findings:   The  survey  of  literature  in  journals 
and  books  has  continued,  in  order  to  obtain  and  interpret 
current  experimental  data  on  the  performance  characteristics 
of  the  senses  of  sight,  touch  and  hearing. 

Further  work  has  continued  on  papers  excerpted  from  sections 
of  the  preliminary  writing  for  the  hearing  section  of  the 
book.   The  paper,  "The  Recognition  of  Speech"  is  at  present 
under  editorial  review  at  the  National  Bureau  of  Standards. 
Work  on  "Purely  by  Coincidence" ,  which  describes  the  behavior 
of  the  ear  as  a  coincidence-counting  device  has  continued, 
but  the  paper  is  not  yet  complete.   It  did,  however,  turn 
out  that  a  computation  for  the  channel  capacity  of  the  ear, 
based  upon  the  concept  of  coincidence  counting,  predicts 
the  behavior  of  the  ear  in  recognizing  phonemes  as  a 
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function  of  frequency,  and  leads  to  the  interesting  result 
that  single  speech  sounds,  or  "phonemes",  convey 
approximately  constant  information  content,  as  measured  in 
"bits".   However,  more  information  is  conveyed  at  high 
frequencies  because  the  consonant  sounds  are  briefer,  and 
thus  can  carry  more  bits/second;  above  1000  Hz  the  ear's 
integration  time  corresponds  to  a  constant  number  of  periods, 
so  that  it  is  capable  of  handling  more  bits/second  for 
frequencies  above  1000  Hz.   As  one  might  suspect,  therefore, 
the  requirement  of  high-frequency  response  for  speech 
communication  channels  increases  with  the  complexity  of  the 
speech  recognition  task.   This  material  has  been  added  to 
the  "Speech  Recognition"  paper,  and  will  be  used  in  revision 
of  the  chapter  on  recognition  of  speech,  pitch  and  rhythm. 

A  digression  was  made  because  of  requirements  from  the 
ad  hoc  committee  on  hearing  set  up  for  considering  the 
improvement  of  hearing  aids,  and  a  partially  written  paper 
on  "Some  Quantitative  Consequences  of  Hearing  Loss"  was 
revised  and  brought  up  to  date.   This  will  be  submitted  for 
journal  publication,  with  appropriate  credit  for  support. 

In  connection  with  the  chapter  on  the  recognition  of  speech, 
pitch  and  rhythm,  library  research  indicated  that  a  question 
might  be  raised  about  the  phenomenon  called  "absolute  pitch", 
namely  whether  this  supposedly  rare  trait  among  human 
individuals  was  an  example  of  future  development  or  merely 
atavistic.   It  turned  out  that  observations  on  animal 
behavior  have  shown  that  for  some  species  of  frogs,  and  for 
such  birds  as  the  white-throated  sparrow  and  the  English  robir 
a  sequence  of  fixed  pitches  serves  as  the  "releasing" 
mechanism  for  territorial  behavior. 

Changes  of  less  than  25%  in  the  absolute  frequency  of  parts 
of  the  call,  without  alteration  of  the  relative  scale 
intervals  or  rhythm,  sufficed,  for  the  robin,  to  reduce  the 
response  to  the  calls  by  about  50%.   Over  a  much  larger 
range  of  variations  in  rhythm  and  accent,  so  long  as  the 
frequency  sequence  was  preserved,  the  response  remained  close 
to  that  for  the  unaltered  natural  call.   Thus  the  "musical 
ear"  is  a  quaint  atavism.  j 

Some  recent  observations  on  human  subjects  with  what  was 
stated  to  be  "learned  absolute  pitch"  described  a  phenomenon 
akin  to  absolute  recognition  of  scale  intervals,  and  were 
said  to  invalidate  the  idea  that  absolute  pitch  was  tied  to 
a  frequency  scale.   This  situation  led  to  preparation  of  a 
brief  note  on  some  phenomena  of  absolute  pitch  that  challenge 
this  view.  i 
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Also,  in  some,  research  by  the  author  and  several  colleagues  in 
which  a  direct  method  for  measuring  the  integration  time  of  the 
ear  was  tried,  it  was  found  that  absolute  pitch  may  be  associated 
with  a  lengthening  integration  time  for  the  ear.   (Only  one  sub- 
ject however,  had  absolute  pitch).   If  this  proves  to  be  general, 
it  implies  an  end-organ  difference,  not  advantageous  to  speech 
recognition,  since  it  would  result  in  a  decreased  channel  capac- 
ity for  speech  sounds. 

Proposed  Course  of  Project;   Material  has  been  gathered 
and  partially  assembled  as  two  more  independent,  free-standing 
papers,  on  "The  Perception  of  Sound  Intensity"  (a  review  of 
data  on  loudness)  and  "Review  of  Concepts  of  the  'Critical 
Band'".   Following  the  completion  of  these  papers,  the  idea  of 
preparing  the  book  in  this  manner  will  be  reviewed,  to  see  whether 
this  method  of  preparation  yields  a  well-organized  book.   As 
before,  chapters  of  the  book  will  be  circulated  for  comment. 
The  material  prepared  for  publication  receives  the  usual  rigorous 
editorial  review  (including  two  preliminary  levels  at  the  National 
Bureau  of  Standards) . 

Honors  and  Awards ;   None 

Publications:  Corliss,  E.L.R. :   Estimate  of  the  inherent 
channel  capacity  of  the  ear.   J.  Acoust.  Soc.  Am.  50:  671-677, 
1971. 
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Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   The  morphology  of  photoreceptors  in  the  ventral 

eye  of  the  horseshoe  crab,  Limulus  polyphemus 

Previous  Serial  Number:   Same 

Principal  Investigator:   William  K.  Stell,  Ph.D.,  M.D. 

Other  Investigators :   None 

Cooperating  Units :   None 

Man  Years : 

Total:  0.7 

Professional:  0.7 

Other :  0.0 

Project  Description: 

Objectives;   To  study  the  structure  and  ultrastructure  of 
photoreceptor  cells  in  the  ventral  eye  of  Limulus . 

Methods  Employed :   Ventral  eyes  of  adult  horseshoe  crabs 
were  dissected  free  and  fixed  in  appropriate  agents  after 
incubation  in  one  of  the  following : 

1.  Artificial  sea  water  (ASW)  at  20°C. 

2.  ASW  lacking  Na+,  K"*"  or  Ca++. 

3.  ASW  continuing  ouabain  or  strophanthidin. 

4.  ASW  at  40°C. 

5.  ASW  containing  horseradish  peroxidase  or  microperoxidase. 
Fixed  nerves  were  embedded  in  epoxy  resins  and  either  sectioned 
serially  at  1.0-2.5  ynn   for  light  microscopy  or  thin-sectioned 

for  electron  microscopy. 

Major  Findings: 

1.   The  ventral  eye  of  Limulus  contains  photoreceptor  cells 
of  two  types,  large  (about  100x200  >im)  and  small  (about  50x100  pm) 
Both  are  enclosed  in  many  layers  of  glial  cells,  have  large 
(15-20  ^im  diamter)  axons,  and  have  a  specialized  photoreceptive 
surface  called  the  rhabdomere.   Small  cells  are  joined  together 
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response  is  consistent  with  the  conclusion  that  the  close 
appositions  are  maintained  by  pvunp  activity  or  instrumental  in 
the  response  mechanism,  but  may  be  explained  also  by  changes  in 
ionic  distribution  or  osmotic  properties  of  membranes.   Since 
there  appears  to  be  no  barrier  to  the  passage  even  of  large 
protein  molecules  between  the  axonal  membrane  and  extracellular 
space,  the  glial  sheath  does  not  appear  to  contribute  to  a  high 
space  constant  which  might  be  expected  in  these  axons,  since  they 
are  not  known  to  generate  propagated  nerve  impulses.   The  presence 
of  small  axon  terminals  on  or  near  the  rhabdomere  suggests  a 
system  for  control  of  the  receptor  response  at  its  site  of  origin. 

Proposed  Course  of  Project;   This  project  was  terminated 
during  fiscal  year  1972. 

Honors  and  Awards :  None 

Publications :  Stell,  W.K. ,  and  Ravitz ,  M.J. :   The  structure 
of  neurons  in  the  ventral  photoreceptor  organ  of  the  horseshoe 
crab,  Limulus ,  Polyphemus .   J.  Cell  Biol.  47:  202a-203a,  1970 


lie 


Serial  No.   NDS (I) -70-ODIR  1862 

along  patches  of  rhabdomere  and  all  their  rhabdomere  is  located 
at  such  junctions;  these  cells  are  joined  this  way  in  clusters 
of  3-9.   Large  cells  also  have  rhabdomere  at  jimcticns  which  they 
make  infrequently  with  other  large  cells  or  small  cells.   Most  of 
the  large  cells  are  isolated  however,  and  even  when  they  are 
coupled,  most  of  their  rhabdomere  is  distributed  away  from  the 
junctional  region. 

2.  Both  large  and  small  cells  are  contacted  on  or  near  the 
rhabdomere  by  fine  axons  containing  small  vesicles  and  larger 
granular  inclusions. 

3.  The  rhabdomere  of  large  or  small  cells  which  have  been 
inciobated  in  artifical  sea  water  at  20°C  for  at  least  30  minutes 
comprises  many  closely-packed  microvilli.   If  fixed  within  minutes 
after  removal  from  the  animal  however,  the  rhabdomere  may  instead 
consist  of  fin-like  projections,  folded  over  one  another  to 
present  complex  lamellar  or  whorled  configurations.   The  config- 
urations were  seen  only  in  some  large  cells  and  never  in  small 
cells. 

4.  Regardless  of  whether  the  rhabdomeric  membranes  form 
whorls  or  microvilli,  they  normally  appear  to  be  closely  apposed, 
separated  by  a  space  no  wider  than  5-10  %.      Since  this"space" 

is  penetrated  readily  by  microperoxidase  (molecular  weight  ca. 
2000)  but  apparently  not  by  horseradish  peroxidase  (m.w.  40,000), 
the  closeness  of  membrane  apposition  observed  in  fixed  material 
may  correspond  closely  to  that  in  the  living  state. 

5.  Inc\ibation  in  the  cold,  in  sea  water  containing  ouabain 
or  strophanthidin,  or  in  Na+  -or  K^-free  solution  causes  the  ^ 
microvilli  to  appear  separated  by  a  much  larger  space  (ca.  10 OA) . 
The  effect  of  Na+  -free  treatment,  at  least,  is  reversed  by 
returning  the  cells  to  Na"*"  -containing  solution. 

6.  Ten  minutes  adaptation  to  darkness  or  bright  light  has 
no  noticeable  effect  on  rhabdomere  structure. 

7.  The  channels  joining  the  extracellular  space  to  the 
axonal  membrane,  unlike  those  joining  it  to  rhabdomeric  membranes, 
are  patent  to  horseradish  peroxidase. 

Significance :   The  significance  of  differences  between  large 
and  small  cells  is  not  known.   Probably  only  the  former  have  been 
studied  well  by  electrophysiological  methods,  which  favor  stable 
penetration  only  of  larger  cells.   Since  the  rhabdomeric  junc- 
tions between  cells  (especially  the  small  ones)  appear  identical 
to  those  between  retinula  cells  in  the  lateral  eye  of  Limulus , 
the  ventral  eye  cells  are  probably  likewise  electrically  coupled. 
Experiments  are  in  progress  to  determine  whether  the  whorly 
rhabdomere  observed  in  freshly  dissected  preparations  represents 
accurately  the  state  in  vivo  or  is  brought  about  by  manipulation 
during  dissection.   The  separation  of  rhabdomeric  membranes  by 
procedures  which  inhibit  the  sodium  pump  (cold,  Na+  -  and  K"*" 
-depletion,  ouabain  and  strophanthidin)  and  inhibit  the  light 
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Annual  Renort 
July  1,  1971  through  June  30,  1972 
Medical  Neurology  Branch,  IR 
National  Institute  of  Neurological  Diseases  and  Stroke 

W.  King  Engel ,  M.D. 
Chief,  Medical  Neurology  Branch 

Introduction:  An  inter- related  multidimensional  attack  on  the  chosen 
target  diseases  is  emphasized  in  our  application  of  basic  research  techniques 
to  clinical  neurologic  problems.  The  current  techniques  consist  of:  histo- 
chemistry, clinical  neurophysiology,  biochemistry,  immunology,  electron 
microscopy,  and  microbiology  (including  tissue  culture).  In  the  human 
neurologic  disorders  studied,  these  techniques  support  thrusts  to  seek: 
(a)  more  precise  morphologic,  electrical,  and  chemical  definition  of  the 
abnormalities;  (b)  separation  of  each  disorder  into  more  distinct  and  often 
new  sub- forms;  (c)  specific  or  symptomatic  treatment;  and  (d)  animal  models 
closely  related  to  the  human  pathophysiologic  states. 

For  the  clinical  investigations,  272  patients  were  admitted  for  a  total 
of  5,990  patient  days,  and  there  were  654  outpatient  visits.  There  were  243 
muscle  and  nerve  biopsies.  The  neurologists  provided  consultation  on  509 
patients  of  other  departments  in  the  Clinical  Center,  performing  indicated 
biopsies,  myelograms,  pneumoencephalograms,  and  cerebral  angiograms. 
In  the  past  year,  20  papers  were  published,  14  are  in  press ,  and  21  were 
presented  to  meetings.  One  staff  member  has  devoted  his  time  to  serving  as 
Acting  Assistant  Scientific  Director,  IR,  NINDS, 

The  one-year  approved  residency  training  program  in  neurology  has 
continued.  Sixteen  neurologists  and  other  physicians  and  10  technicians 
came  this  past  year  as  guest  workers  to  learn  clinical  research  techniques 
in  neurology,  especially  in  neuromuscular  diseases  and  the  application  of 
enzyme  histochemistry  thereto. 

The  Department  of  Neurology,  Warsaw  Medical  Academy  1s  continuing  its 
vigorous  collaborative  research  program  in  neuromuscular  disease  with  us 
under  the  PL-480  program. 

Muscular  Dystrophies  and  Other  Non-Inflammatory  Myopathies:  We  have 
proposed  a  new  nypotnesls,  based  on  muscle  histochemjcal  studies,  concerning 
the  pathogenesis  of  progressive  pseudohypertrophic  muscular  dystrophy  of 
Duchenne.  Because  the  earliest  hlstochemical  change  Is  a  grouped  pattern  of 
degenerating  and -regenerating  muscle  fibers,  it  was  hypothesized  that  the  disease 
Is  caused  by  an  abnormality  of  small  arterial  blood  vessels  on  either  a 
structural  or  functional  basis.  That  principle  was  established  and  the 
hypothesis  shown  to  be  possible  by  the  production  of  identical  early  and  late 
muscle  lesions  after  single  and  repeated  embolization  of  rabbit  arteries 
(structural  arterial  occulslon).  We  have  now  reported  production  of  the 
same  early  and  late  Duchenne-like  muscle  lesions  with  non-structural , 
presumably  functional,  lesions  of  intramuscular  blood  vessels  by  combining  a 
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subthreshold  vascular  factor  (aortic  ligation)  and  a  subths-eshold  dose  of  a 
vasoactive  amine  (either  serotonin  or  noreoinephrine),  thereby  establishing 
the  possibility  of  a  functional   abnonnality  of  blood  vessels  and/or  vasoactive 
substances  affecting  them  being  the  basis  of  Duchenne  dystrophy  (thus  like 
small  "strokes"  or  "translent-ischemic-attacks"  of  muscle) o     Most  recently  we 
Tiave" found  a  defective  uptake  of  serotonTnTy  platelets  from  Duchenne  dystrophy 
patients   (with  NIMH)  -»•  a  similar  defect^  if  present  at  the  autonomic  nerve 
endings  on  intramuscular  blood  vessels,  could  result  in  functional   Ischemia. 
In  the  animal  model  of  functional   ischemia,  serum  "muscle  enzymes"  have  been 
shown  to  rise  as  in  Duchenne  dystrophy,  following  the  serotonin  or  norepi- 
nephrine •—  this  parameter  will   be  used  to  screen  drugs  for  clinical 
therapeutic  use. 

In  skeletal  muscle  phosphorylase  deficiency  (McArdle's  disease)  hitherto 
thought  to  be  a  complete  genetic  absence  of  the  muscle  enzyme  phosphorylase, 
we  have  demonstrated  presence  of  that  enzyttie  in  the  muscle  fibers  from  biopsies 
of  such  patients  grown  (regenerating)  in  tissue  culture,  as  well   as  in 
regenerating  fibers  in  vivo.     This  "revivabllity"  of  the  enzyme  offers  a 
new  therapeutic  possTFility  for  the  patients. 

In  progressive  external  ophthalmoplegia  it  was  reported  that  "ragged- red 
fibers"  are  present  in  dinlcany  normal   limb  muscle  (as  well  as  weak  muscle; 

of  the  syndrome.     Such  fibers  have  excessive  lipid 


^w. o,y ■  >, ^.v. ,   ..<-.,  -.-  -^  below  the  mean  for  19  normal  or  disease-control  patients 
T4  normals,  4  with  non-neuromuscular  diseases,  11  with  various  myopathies). 


In  two  cases,  2-'^C-pyruvate  was  also  oxidized  at  somewhat  low  rates  but 
l,4_!4c-succinate  oxidation  was  normal   in  all. 

Amyloid  myopathy,  with  sporadic  and  familial   forms,  has  been  discovered. 

For  several   of  the  erstwhile  "myopathic"  disorders,  both  long-known  ones, 
such  as  myotonic  atrophy  (myotonic  dystrophy),  and  recently  found  ones,  such 
as  type  I  hypotrophy  with  central   nuclei,  new  hypotheses  concerning  their 
possibly  being  caused  by  a  lower  motor  neuron  abnormality  have  been  reported 
(see  "Lower  Motor  Neuron  Disorders"). 

I nflanmatory  Myopathies   (Idiopathic)  -  Polvmyositls/Dematomyositis: 
This  disease  cotfipTex,  when  beginning  over  the  age  of  40,  espe"ci¥lly  in  males, 
is  commonly  associated  with,  and  perhaps  due  to,  a  small  distant  cancer. 
The  childhood  form  is  not  associated  with  cancer,  but  both  age  groups  might 
have  similar  pathogenic  mechanisms.     The  method  of  treatment  we  Introduced 
to  this  disease  4  1/2  years  ago,  high-single-dose  alternate-day  glucocorticoid 
(prednisone),  has  now  proven  in  our  hands  to  be  the  best  available  both  for 
children  and  adults  without  or  with  cancer.     It  has  greater  therapeutic 
benefit,  fewer  side-effects,  and  is  easier  to  manage.     Our  experience  now 
includes  19  carefully  studied  adults  and  children,  many  of  them  considered 
therapeutic  failures  on  other  regimens  —  18  Improved,  some  to  essentially 
normal.     We  have  reported  a  new  hypothesis  on  a  mechanism  of  muscle  damage 
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in  the  pol.vm.yositis/dermatomyositis  (P^yDM)  complex.  On  the  basis  pf  our 
finding  deposits  of  Immunoglobulin  G,  ImmunoglobuHn  M,  and  8]c  globulin 
(C3),  alone  or  1n  combination^  In  skeletal  muscle  blood  vessels  of  15  of  36 
cases  of  PM/DM,  especially  in  childhood  dermatomyositis,  we  suggest  that 
one  of  the  mechanisms  leading  to  muscle  damage  in  some  patients  with 
inflammatory  myopathy  may  be  vascular  abnormality  mediated  through  deposits 
of  immunoglobulin  and  C3,  possibly  in  the  form  of  immune  complexes.  This 
supports  our  earlier  hypothesis  that  PM/DM  may  be  another  form  of  blood-vessel 
abnormality  of  muscle.  The  immunological  abnormality  could  in  turn  be  caused 
by  a  viral  infection  and/or  an  associated  cancer,  or  the  cancer  and  the 
"immuno-myopathy"  could  both  be  viral -induced.  No  Australian  antigen,  either 
circulating  or  bound  to  blood  vessels  or  muscle  cells,  could  be  identified 
in  any  of  our  PM/DM  patients  (with  CC). 

Periodic  Paralysis:  A  new  use  for  acetazolamide  (Diamox),  a  carbonic 
anhydrase  inhibitor,  was  introduced  by  us  5  years  ago  —  It  Is  now  widely 
accepted  as  the  best  prophylactic  agent  available  in  hypokal emi c  perl odi c 
paralysis.  It  has  thus  far  provided  moderate  to  striking  benefit  for  18  of 
our  20  patients,  two  for  over  6  years.  It  has  also  Improved  the  moderate  or 
severe  persistent  proximal  weakness  between  attacks  that  afflicted  16  of  18 
patients  on  conventional  therapy.  The  mechanism  of  acetazolamide  action  in 
this  disease  remains  unknown,  since  muscle  itself  has  no  carbonic  anhydrase. 

A  new  technique  was  reported  for  presenting  a  high  concentration  of 
horseradish  peroxidase  to  a  localized  area  of  skeletal  muscle  in  order  to 
completely  fill  the  tortuous  T- tubule  network  In  developing  avian  skeletal 
muscle  fibers  prior  to  electron  microscopic  study.  This  will  be  applied  to 
human  abnormalities  associated  with  proliferation  or  dilation  of  the  tubular 
system,  such  as  hypokalemic  periodic  paralysis. 

Neuromuscular  Junction  Abnormality  -  Myasthenia  Gravis:  We  have  recently 
reported  a  new  hypothesis  on  the  pathogenesis  of  myasthenia  gravis  (MG),  to 
the  effect  that  this  is  a  disease  of  some  of  the  distal  axonal  of  each  lower 
motor  neuron,  perhaps  due  to  inability  of  the  motor  neuron  soma  to  nourish 
them  adequately.  This  is  viewed  as  initially  causing  a  greater  defect  of 
excitation  factor  (acetylcholine)  and  later  a  diminution  of  "trophic  factor" 
too.  The  neuronal  soma  defect  might  be  caused  by  an  altered  immunological 
situation  of  the  thymus  and  probably  other  lymphoid  tissue.  Certain  known 
"immunologic"  alterations  1n  MG  are,  by  this  hypothesis,  considered  parallel 
and  potentially  informative  phenomena  but  not  pathogenic  for  the  muscle 
weakness.  In  accord  with  this  hypothesis,  a  new  treatment  has  been  reported, 
high-single-dose  alternate-day  prednisone.  Six  of  8  patients  being  treated, 
one  for  23  months,  have  shown  remarkable  improvement.  One  returned  to  normal 
and  most  of  the  others  to  near  normal  states.  Their  anticholinesterase  drugs 
were  stopped  prior  to  prednisone  and  have  not  needed  to  be  reinstated.  This 
may  well  prove  to  be  the  treatment  of  choice  for  many  MG  patients.  Three 
juvenile  MG  patients  continue  to  do  well  on  h1gh-single-dose  alternate-day 
prednisone;  one  treated  for  4  1/2  years  is  nearly  normal.  Electromyographic 
repetitive-stimulation  techniques  afford  an  accurate  and  predictive  index  of 
Improved  synaptic  efficiency  in  myasthenics  receiving  prednisone. 
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In  our  seeking  to  understand  the  pharmacologic  basis  of  beneficial   action 
of  corticosteroids  on  MG,  and  its  possible  interference  by  pyridostigmin 
(mestinon)  /preliminary  pharmacologic  studies  have  revealed  that  although 
hydrocortisone  alone  evidences  no  direct  immediate  effect  on  the  rat  neuro- 
muscular junction,  it  does  when  given  together  with  pyridostigmin. 

A  patient  with  refractory  myasthenia  gravis  not  on  anticholinesterase 
drugs  and  not  uremic  was  hemodialysed  tFree  times  without  consistent  benefit, 
contrary  to  tv/o  previous  reports  of  benefit  in  several  patients  who  were 
concomitantly  on  anticholinesterases  and  one  in  uremia  --  ours  was  the  first 
Clinical   Center  patient  to  undergo  hemodialysis  here. 

Using  an  imrnunohistochemical   technique  of  horseradish-conjugated  antibody 
at  the  ultrastructural   level,  the  primary  binding  site  for  the  anti-striated 
muscle  antibody  (present  in  certain  patients  with  myasthenia  gravis]  was        " 
found  to  be  within  the  I-band,  especially  on  the  membranes  of  the  sarcoplasmic 
reticulum.     It  was  demonstrated  that  the  purported  "neuronal-specific"  nuclear 
binding  of  serum  immunoglobulins  from  myasthenia  gravis  patients  is  actually 
non-specific  and  simnly  a  general  anti-nuclear  activity  well-known  in  some 
myasthenics. 

Peripheral  Neuropathy:     Our  excellent  result  with  high-single-dose 
alternate-day  prednisone  treatment  in  the  initial  patient  with  idiopathic 
recurrent  neuropathy,  improvement  maintained  now  for  53  months,  has  been 
extended  to  several  more  patients  also  with  improvement,  patients  with  non- 
remitting  as  well  as  ones  with  remitting  courses  of  disease,  including  ones 
with  "somal-axonal"  as  well   as  "Schwann  cell"  disease  types. 

Motor  Neuron  Diseases:     In  a  series  of  21  patients  with  amyotrophic 
lateral   sclerosis   (ALS)  we  reported  abnormally  very  low  levels  of  sninaf 
fluid  homovanillic  acid  (HVA),  a  product  of  dopamine  metabolism,  but  normal 
5-hydroxyindoleacetic  acid,  a  product  of  serotonin  metabolism  (with  NIMH). 
Since  the  probenecid-induced  accumulation  of  HVA  was  also  below  normal,  a 
diminished  central   synthesis  of  dopamine  was  suggested.     With  administration 
of  L-DOPA  to  10  ALS  patients  for  5  months,  the  CSF  HVA  rose  to  very  high 
levels  as  did  normals,  but  no  clinical   improvement  was  observed.     The  HVA 
abnormality  is  the  first  metabolic  defect  observed  in  ALS  patients  but  its 
significance  to  the  pathogenesis  of  the  disease  remains  unknown. 

In  14  parents  of  children  with  infantile  spinal  muscular  atrophy,  a 
recessively  inherited  disorder,  no  subclinical  evidence  of  motor  neuron 
disease  was  found  by  muscle  biopsy  histochemically  or  by  electromyography. 

Of  18  histochemical   reactions  done  on  the  cat  lumbar  cord  in  an  attempt 
to  learn  metabolic  particularities  of  g-motor  neurons  of  both  fast- twitch  and 
slow- twitch  motor  units  were  rich  in  phosphorylase  and  poor  in  succinate 
dehydrogenase,  in  contrast  to  the  opposite  characteristics  of  interneurons, 
v-motor  neurons,  and  Renshaw  cells.     Thus  one  theoretical  possibility  is  that 
ALS,  which  preferentially  involves  a-motor  neurons  might  be  related  to  an 
abnormality  of  glycogen  metabolism. 
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A  new  hypothesis  on  the  pathogenesis  of  some  neuromuscular  disorders 
has  been  reported  —  specifically  that  some  erstwhile  "myopathic"  disorders 
are  actually  caused  by  a  lower  motor  neuron  abnormality,  'it  is  proposed   " 
that  in  spite  of  a  "'n^opathic"  (which  we  consider  often  to  be  a  misnomer) 
EMGs  certain  disorders  are  not  myopathic  but  rather  neurogenic.  (A  new 
approach  to  EMG  studies  is  described  in  the  "Methodology"  section.)  As  part 
of  this  formulation^  details  have  been  proposed  regarding  how  a  motor  neuron 
might  be  defective  in  a  variety  of  qualitative  or  quantitative  ways  with  a 
variety  of  time  courses  toward  death.  Each  of  these  could  give  a  different 
clinical  disorder.  Diseases  newly  considered  to  be  probably  neurogenic  are 
type  II  muscle  fiber  atrophy  (cachectic  and  di suse  atrophy ,  corti coste7oi d 
atrophy  L"'Tiyopathy"J)9  myasthenia  gravis,  facilitating  myasthenic  syndrome, 
myotonic  atrojahy  (myotornc  "dystrophy"),  type  I  fiber  hypotrophy  with  central 
nuclei,  central  core  disease,  and  facioscapulohumeral  syndrome  (some  cases). 
Possibly  neurogenic  (perhaps  only  in  a  small  part)  are  Penig"  congenital 
hypotonia  (with  type  I  fiber  predominance  or  with  type  1  fiber  small ness), 
tnyrotoxfc  atrophy  ("myopathy"),  myotonia  congenita,  paramyotonia  congenita, 
some  cases  of  facioscapmohumeral  disease,  focal  loss  of  cross-striations, 
and  late-onset  and  congenital  rod  disease".  From  such  proposaFs  a  new" 
classification  of  neuromuscular  disorders  has  been  reported.  A  new  clini co- 
pathologic  syndrome  of  type  I  muscle  fiber  smallness  without  central  nuclei 
has  been  found  in  a  child  with  progressive  weakness;  it  was  proposed  to  be  of 
neural  origin. 

The  generalized  muscle  cachectic  atrophy  and  weakness,  which  is  a  common 
and  often  the  most  crippling  manifestation  of  cancer  as  well  as  of  hyper- 
corti cos teroidism  (Cushing's  syndrome  and  iatrogenic)  and  disuse,  histo- 
chemlcally  is  selective  atrophy  of  type  II  muscle  fTbers.  We  have  reported 
a  new  hypothesis  to  the  effect  that  this  may  be  a  pan-neuropathy  of  all  lower 
motor  neurons  to  which  the  type  II  muscle  fibers  are  more  susceptible,  not  a 
myopathy  as  is  usually  stated.  This  proposal  was  supported  by  our  report 
that  the  ultrastructural  aspects  of  type  II  atrophy  are  qualitatively 
indistinguishable  from  typical  denervation  atrophy,  but  milder  in  degree. 
We  will  next  turn  our  attention  to  ways  to  prevent  or  treat  type  II  atrophy, 
which  would  significantly  benefit  cancer  patients  even  if  the  basic  neoplasm 
could  not  be  excised. 

Six  of  seven  patients  in  a  family  with  hereditary  sensory  neuropathy 
were  found  to  have  elevated  inmunoglobulin  A  in  their  serum;  3  of  4  of  tne  6 
had  elevated  IgA  production  by  their  small  bowel  tissue.  A  peripheral 
neuropathy  of  somal/axonal  degeneration  type  secondary  to  di ami no-di phenyl 
sulfone  (Fapsone)  therapy  has  been  demonstrated  (with  NIAID).  A  chapter  on 
our  experience  with  the  immunoglobulin  abnormalities  in  amyloidosis  and  other 
neurologic  disorders  has  been  published. 

Central  Nervous  System  Disorders: 

Brain  Tumors  -  An  improved  method  was  reported  for  concentrating  and 
purifying  Schmldt-Ruppin  Rous  avian  sarcoma  virus  (SR-RSV).  It  yielded, 
4  weeks  after  intracerebral  inoculation  into  newborn  dogs  and  hamsters,  96% 
survivor  incidence  and  100%  brain  tumor  incidence  in  survivors,  compared  to 


49%  and  86%  respectively  with  previous  methods.     A  quantitative  dose-response 
relationship  was  demonstrated.     The  tumors  were  sarcomas  and  gliomas 
with  varying  degrees  of  anaplasia.     No  evidence  of  virus  was  found  in  dog 
brain  tumors  with  electron  microscopic  or  immunologic  methods,  but  the  SR-RSV 
genome  was  detected  by  inoculating  whole  cell  suspensions  of  dog  and  hamster 
brain  sarcomas  and  gliomas  back  into  avian  hosts,  wherein  typical   Rous  sarcomas 
containing  C-type  viral   particles,  group-specific  viral   antigens,  and  infectious 
RSV  were  induced.     The  ultrastructural   details  of  cell   types  comnosing  these 
brain  tumors  have  been  reported.     These  induced  brain  tumors  are  an  especially 
suitable  system  in  v/hich  to  study  mechanisms  that  allow  malignant  trans- 
formation of  glial   and  mesodermal  brain  cells  by  RNA-C-tyoe  viruses  without 
detectable  evidence  of  viral   replication,  as  is  Hkely  to  be  occurring  in 
at  least  some  spontaneous  human  brain  tumors.     This  system  will  serve  as  a 
guide  to  isolation  of  viruses  causing  human  brain  tumors.     Similarity  of 
the  experimental   gliomas  to  spontaneous  human  gliomas  make  them  ideal   for 
morphologic,  chemotherapeutic  and  brain-scanning  studies.     In  the  viral -induced 
brain  tumors  of  dogs,  an  abnormally  permeable  blood-brain-barrier  was  reported 
in  a  study  combining  tracer  substances  with  electron  microscopy  (with  LNNS, 
IR).     (Our  investigators,  now  working  in  other  centers,  have  recently  reported 
complete  gaps  and  diaphragm-covered  i'enestrations  in  the  capillaries  by 
electron  microscopy  as  the  probable  morphologic  basis  for  that  abnormal 
permeability.) 

Epilepsy  -  The  simpler  synaptic  structure  of  the  hippocampus  makes  it 
more  suitable  for  study  of  epileptic  phenomena  than  neocortex.     ^  recurrent 
inhibitory  system  in  the  hippocampus  is  known  to  limit  interictal  epileptic 
discharges  temporally  and  spatially.     The  synaptic  input  on  neuronal   somas 
and  large  dendrites  of  the  CA4  area  of  the  cat  hippocampus,  a  key  region,  has 
been  studied  electron  microscopically  to  provide  a  morphological  basis  for 
structure-function  correlations   (with  EEH,   IP). 

In  a  family  showing  a  new  syndrome  of  hereditary  myoclonus  epilepsy  and 
ataxia,  a  concomitant  myopathy  with  severe  morphologic  ("ragged- red"  fibers) 
and  biochemical  (elevated  blood  lactate  and  pyruvate  values)  (defective  NADH 
oxidation  of  muscle  mitochondria  was  found)  (with  NIAMD).  Assuming  the  same 
metabolic  defect  may  exist  in  brain  causing  the  epilepsy,  skeletal  muscle 
provides  much  more  accessable  tissue  for  its  elucidation.  A  new  syndrome  of 
epilepsy  with  acanthocytosis,  neuromuscular  disease,  and  normal  g-lipoprotein 
has  been  delineated  in  a  third  family. 

Spinocerebellar  ataxias  -  One  patient  with  intermittant  cerebellar 
ataxia,  who  was  found  to  have  pyruvate  decarboxylase  deficiency,  was  reported 
to  have  excessive  lipid  droplets  in  his  skeletal  muscle  fibers,  as  did  his 
clinically  normal   father.     (Oxidative  defects  in  other  types  of  spinocerebellar 
ataxia  are  noted  in  "Methodology",)     The  vaffous  manifestations  of  the 
immunologic  deficiency  state  and  other  metabolic  abnormalities  in  ataxia 
teleangectasia,  found  by  us  over  the  past  5  years,  have  been  reported  in 
detail   in  a  chapter. 

Other  Degenerations  -  The  presence  of  subacute  scl erosi ng  panencephal i tis 
in  only  one  of  identical   twins  was  documented  and  immunological   aspects  of 
both  studied  (with  PR-CFR).     Two  treatment  attempts  using  transfer  factor 
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from  the  patient's  healthy  twin  were  not  successful  (with  PR-CFR,  and  NCI). 
Immunoglobulin  deposits  were  found  in  the  blood  vessels  of  muscle  biopsies 
of  3  of  9  SSPE  patients,  suggesting  circulating  complexes  possibly  may  play 
a  pathogenic  role  in  the  disease.  They  were  not  found  In  muscle  biopsies  of  3 
multiple  sclerosis  patients..  In  two  sisters  with  xeroderma  pigmentosum, 
who  have  a  defective  repair  mechanism  of  DNA  in  skin  cells .  peripheral 
neuropathy  has  been  newly  identified,  in  addition  to  their  dementia,  basal 
ganglionic  disorder,  and  multiple  skin  lesions  on  exposed  surfaces,  some 
cancerous  (with  NCI).  The  possibility  is  suggested  that  perhaps  neurons 
and/or  oligodendroglia  and  Schwann  cells  also  have  defective  DNA  repair 
mechanisms  to  account  for  their  abnormalities. 

Methodology  and  Basic  Cellular  Mechanisms:  (1)  Four  new  aspects  of  clinical 
electromyography  (EMG)  have  been  developed,  facilitated  by  high-speed  FM  tape 
recording,  and  reported:  (a)  A  new  descriptive  term  for  the  pattern  of  short 
duration,  small  amplitude,  excessively  abundant  potentials  for  a  given  amount 
of  voluntary  effort,  i.e.,  "SSAP",  was  introduced  to  replace  the  generally 
used  term  "myopathic",  a  designation  which  we  consider  to  be  basically  misleading 
at  times.  We  consider  SSAPs  to  reflect  fractionation  of  motor  units  and  just 
as  likely  to  be  due  to  neuronal  disease  as  to  myopathic  disease,  (b)  The 
technigue  of  "open  biopsy  electromyography"  was  Introduced  to  provide  tight 
correlation  of  nistochemistry  done  on  the  same  muscle  fibers  studied 
electrically  in  the  operating  room  immediately  before  tissue  excision, 
(c)  Using  this  technique  in  patients  with  biopsies  showing  predominance  of 
either  type  I  or  type  II  muscle  fibers,  we  have  Identified  and  reported  the 
different  physiological  properties  of  these  two  human  motor  unit  types. 
Type  I  motor  units  fire  witn  minimal  effort  and  discharge  more  regularly  and 
more  continuously,  while  type  II  units  fire  only  Irregularly  in  unsustained 
bursts  and  only  with  more  vigorous  contraction,  (d)  The  electromyographic 
patterns  of  selective  type  II  and  type  I  muscle  fiber  atrophy  In  numans 
have  been  identified  and  reported,  and  an  hypothesis  developed  that  relates 
the  electrical  data  to  the  neurogenic  origin  we  propose  for  these  atrophies; 
the  studies  have  been  extended  to  type  I  hypotrophies  with  and  without 
central  nuclei,  (e)  Using  a  mi cromarking  technique  adapted  for  open-biopsy 
electromyography,  motor-end  plates  in  striated  limb  muscle  as  the  generators 
of  what  has  been  postulated  to  be  "end-plate  noise"  have  been  electrically 
and  histochemically  verified  in  human  limb  muscles. 

(2)  Tissue  culture  of  muscle  fibers  and  neurons  has  been  firmly  established 
In  the  Branch.  In  addition  to  various  studies  of  cultured  muscle  and  neurons 
of  animals,  we  have  developed  a  method  for  obtaining  consistent  growth  in 
vitro  of  80%  of  the  explants  from  human  skeletal  muscle  taken  by  open  or 
needle  biopsy  from  children  and  adults.  The  patterns  of  outgrowth  have  been 
compared  and  contrasted  with  animal  muscle  growth.  Histochemical  and 
electron  microscopic  studies  of  the  cultured  normal  human  muscle  have 
demonstrated  many  features  like  cultured  chick  embryo  muscle,  but  absence  of 
a  T-system  in  the  human  (perhaps  the  basis  of  lack  of  spontaneous  twitching 
in  human  cultures).  Several  types  of  pathologic  human  muscle,  including  rod 
disease,  central  core  disease,  and  muscle  with  abnormal  mitochondria  have 
been  grown.  The  cultures  show  normal  general  growth  characteristics  and  are  now 
being  analyzed  histochemically  and  electron  mlcroscooically  for  subcellular 
details.  "Revitalizatlon"  of  phosphorylase  in  tissue  culture  of  phosphorylase 
deficiency  patients  —  see  "Muscular  Dystrophy" . 


(3^  Direct  Physiol oqical -hi stochemical  correlation  of  individual  motor 
units  resulted  in  a  report  delineatinq  parameters  of  different  unit  tvpes  (with 
LNLC,  IR).  These  are  of  basic  importance  because  selective  abnormality  of  the 
different  types  of  motor  units  is  important  in  various  human  neuromuscular 
diseases.  In  the  cat  gastrocnemius,  it  was  reported  that  3  distinct 
physiologic  types  were  identified  and  found  to  correlate  completely  with 
histochemistry  of  the  units'  muscle  fibers.  All  muscle  fibers  of  a  given 
unit  were  found  to  be  the  same  histochemically  and  they  are  widely  scattered 
in  a  muscle,  not  grouped  together. 

(4)  A  new  nomenclature  for  human  muscle  fiber  hi stochemical_ types  is  being 
developed,  since  it  has  become  a"pnarant  that  there  are  at  least  2  subtypes 

of  the  two  basic  hi stochemical  tynes.  The  electron  microscopic  details  of 
different  muscle  fiber  types  in  guinea  pig  gastrocnemius  have  been  reported 
(with  Hopital  de  la  Salpetriere,  Paris,  France). 

(5)  A  system  was  developed  and  reported  for  apnlvinq  radioisotopic 
biochemical  assays  to  small  samples  of  biopsied  human  muscle,  utilizing  needle 
or  open  biopsies  and  a  micros lice  system.  In  histochemically  fiber- type 

pure  muscle  of  guinea  pigs,  red  muscle  oxidized  B-^H-butvrate,  succinate, 
palmitate,  and  pyruvate  more  rapidly  than  white  muscle,  the  differences  being 
most  striking  for  3-OH-butyrate  (19  fold)  and  pyruvate  (9  fold).  Mitochondrial 
fractions  Isolated  from  guinea  pig  red  muscle  showed  much  higher  oxidation 
rates  of  only  s-OH-butyrate  and  pyruvate,  not  succinate  or  palmitate.  Much 
higher  activity  of  the  enzyme  D(-)8-0H-butyrate  dehydrogenase  in  red  vs.  white 
muscle  mitochondria  was  oaralleled  by  similar  hi stochemical  findings.  Using 
these  techniques,  we  reported  that  the  muscle  bionsy  slices  from  more  than 
half  the  patients  with  spinocerebellar  'Hegeneration  and  1/3'  of  cases  with 
idiopathic  or  familial  neuropathy  oxidized  pyruvate  at  a  rate  >6  SE  below 
the  control  mean.  The  oxidation  rates  were  not  related  to  the  severity  of  the 
neuropathic  changes  in  the  muscle.  Cultured  sHn  fibroblasts  from  two  such 
siblings  with  Friedreich's  ataxia  oxidized  1- '^C-pvruvate  and  2- ''^C-pyruvate 
at  less  than  half  the  rate,  but  U- '^C-glutamate  at  rates  comnarahle  to  those 
found  with  control  fibroblasts. 

(6)  The  histochemical  staining  for  phosphorylase  in  skeletal  muscle  was 
shown  to  be  absolutely  dependent  on  the  amount  of  intrinsic  glycogen  in  the 
tissue,  which  cannot  be  compensated  for  bv  glycogen  added  to  the  medium. 

(7)  The  ultrastructural  differences  between  type  I  and  tyne  II  muscle  fiber 
in  fiber- type-pure  guinea "nig  muscle  have  been  published. 

(8)  Adaptive  skeletal  muscle  responses,  histochemical  and  physioloical ,  to 
chanqes  in  environment  or  functional  renuirements  have  been  identified  in 

the  rat  (with  LNNS,  IR). 
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Project  Description: 

Objectives:     (1)  To  study  the  cellular  and  subcellular  localization  of 
a  variety  of  histochemical   reactions  in  normal  human  skeletal  muscle,  neurons 
and  peripheral  nerves  and  to  see  how  they  are  altered  in  neurologic  disease. 
(2)  To  develop  new  histochemical   techniques  and  to  analyse  mechanisms  of  the 
reactions.     (3)  To  correlate  histochemical ly  defined  types  of  muscle  fibers 
with  physiologic,  ultrastructural ,  and  biochemical   properties.     (4)  To  identify 
selective  or  non-selective  involvement  of  one  histochemical   fiber  type  in  the 
various  neuromuscular  diseases. 


__^_ ^_      Histochemical   techniques  for  a  number  of  reactions  are 

being  done  on  muscle  and  nerve  tissue  -  they  have  been  outlined  in  previous 
renorts. 


Methods  Employed: 


Patient  Material:     Bioosies  vjere  obtained  from  Medical   Neurology  Branch 
patients  as  well   as  from  consultation  patients;  patient  biopsy  material  was 
also  submitted  by  outside  phvsicians  and  investigators. 
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Major  Findings:  We  reported  direct  physiological-histochemical  correla- 
tion of  individual  motor  units  and  parameters  of  different  unit  types  (in 
collaboration  with  LNLC,  IR).  This  is  of  importance  in  reference  to  clinical 
problems  because  selective  abnormality  of  the  different  types  of  motor  units 
is  an  important  phenomenon  in  various  human  neuromuscular  diseases.  In  the 
cat  gastrocnemius,  3  distinct  physiologic  types  were  identified  and  found  to 
correlate  completely  with  histochemistry  of  the  units'  muscle  fibers.  All 
muscle  fibers  of  a  given  unit  were  found  to  be  the  same  histochemically  and 
they  are  widely  scattered  in  a  muscle,  not  grouped  together. 

The  histochemical  staining  for  phosphorylase  in  skeletal  muscle  was 
shown  to  be  absolutely  dependent  on  the  amount  of  intrinsic  glycogen  in  the 
tissue,  which  cannot  be  compensated  for  by  100  fold  glycogen  excess  added  to 
the  incubation  medium. 

A  new  nomenclature  for  human  muscle  fiber  histochemical  types  is  being 
developed,  since  it  has  become  apparent  that  there  are  at  least  2  subtypes  of 
the  two  basic  histochemical  types. 

Adaptive  skeletal  muscle  responses,  histochemical  and  physiological,  to 
changes  in  environment  or  functional  reguirements  have  been  identified  in  the 
rat  (with  LNNS,  IR). 

Numerous  interrelated  studies  between  this  Project  and  other  Medical 
Neurology  Branch  Projects  were  recorded  under  those  other  projects,  for 
example: 

a.  Histochemistry  of  motor  neurons  and  peripheral  nerves  -  ALS  Project. 

b.  Histochemistry  of  human  and  animal  muscle  cells  and  neurons  in 
tissue  culture  -  Microbiology  Project. 

c.  New  techniques  of  "Open-biopsy  Electromyography"  for  direct  correla- 
tion of  electromyographic  and  histochemical  data  from  the  same  fibers, 
in  patients  with  various  neuromuscular  disorders  -  Electrophysiology 
Project. 

d.  Histochemical  demonstration  of  revitalization  of  phosphorylase  in 
regenerating  muscle  fibers  of  muscle  phosphorylase  deficiency 
disease  -  Myopathy  Project. 

e.  Histochemical  analysis  of  lesions  produced  in  our  experimental  model 
of  Duchenne  muscular  dystrophy  -  Myopathy  Project. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
It  has  been  firmly  established  over  the  past  eight  years  that  histochemistry 
of  muscle  biopsies  is  the  single  most  important  laboratory  evaluation  of  human 
neuromuscular  disease,  and  that  it  is  also  extremely  useful  in  (a)  screening 
for  correlating  with  electron  microscopic  studies,  (b)  correlation  with 
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electromyographic  findinqs  recorded  from  the  same  fibers  and  (c)  evaluatinq 
animal  models,  this  approach  has  provided  insight  into  the  oossibility  that 
certain  diseases  heretofore  called  "myopathies"  may  actually  be  caused  by  a 
form  of  neuronal  abnormality,  perhaps  related  to  a  defect  of  neuronal  trophic 
function.  This  type  of  anlaysis  (a)  helps  establish  whether  the  basic  patho- 
genesis and  etiology  are  related  to  properties  reflecting  the  metabolic 
"sameness"  or  the  "differentness"  of  the  lower  motor  neurons  or  muscle  fibers, 
and  (b)  directs  subsequent  investigative  studies  toward  analysing  those  two 
groups  of  properties  of  muscle  and  nerve  cells.  Obviously,  knowing  whether  a 
certain  neuromuscular  disease  is  due  to  nerve  cell  or  muscle  cell  abnormality 
is  basic  to  understanding  its  cause  and  treatment. 

Having  further  defined  the  histochemistry  of  individual  motor  units  in 
the  cat  and  correlating  those  results  with  various  electrophysiological 
parameters,  we  are  better  able  to  understand  the  normal  functions  of  different 
types  of  motor  units  and  how  they  are  altered  in  disease.  The  phosphorylase 
reaction  has  been  shown  to  be  less  useful  for  muscle  fiber  typing  than 
formerly  thought. 

Proposed  Course  of  Project:  Further  correlations  of  the  results  from 
light  microscopy  with  those  of  electron  microscopy,  physiology  and  biochemistry 
will  be  made  in  human  neuromuscular  diseases  and  certain  normal  animal  studies. 
Other  animal  models  of  human  neuromuscular  disorders  will  be  produced  and 
studied. 

Honors  and  Awards:  None 

Publications: 

Burke,  R,  E,,  Levlne,  D.  N,,  Zajac,  F.  E.,  Tsairis,  P.,  and  Enge1,  W.  K,: 
Mammalian  motor  units:  Physiological-hlstochemical  correlation  in  three 
types  in  cat  gastrocnemius.  Science  174:  709-712,  1971. 

Burke,  R.  E.,  Levlne,  D.  N.,  Zajac,  R.  E.,  Tsairis,  P.,  and  Engel ,  W.  K.: 
Direct  correlation  of  physiological  and  histochemical  characteristics 
in  motor  units  of  cat  triceps  surae.  4th  Int.  Cong,  of  Electromyography, 
Brussels,  1971.  In  press. 

Martin,  D.  L,  and  Engel,  W.  K. ;  Dependency  of  histochemical  phosphorylase 
staining  on  amount  of  cellular  glycogen.  J.  Histochem.  Cytochem. 
In  press. 

Campa,  J,  F.  and  Engel,  W.  K..:  Histochemistry  of  motor  neurons  Innerva- 
ting slow  and  fast  motor  units  in  the  cat.  4th  Int.  Cong,  of  Electro- 
myography, Brussels,  1971.  In  press. 
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Project  Description: 

Objectives:  (1)  To  seek  and  analyse  biochemical  abnormalities  of  neuro- 
muscular  and  other  human  neurologic  diseases;  (2)  to  elaborate  biochemical 
differences  and  similarities  between  "red"  and  "white"  muscle  of  animals  and 
between  type  I  (similar  to  "red")  and  tvpe  II  (similar  to  "white")  individual 
muscle  fibers  of  humans  and  animals. 

Methods  Employed:  Blood,  spinal  fluid,  muscle  biopsy,  and  cultured  fibro- 
blast  samples  of  patients  were  studied  with  a  variety  of  techniques: 

a.  Metabolism  of  muscle  studied  by  incubating  various  C'^  labeled  sub- 
strates -  glycolytic  and  Kreb  cycle  intermediates,  fatty  acids,  and  amino 
acids  -  with  human  muscle  homogenates  and  cultured  fibroblasts  and  measuring 
the  amounts  of  labeled  CO2  oroduced. 

b.  Standard  isotope  techniques  for  oxidation  of  succinate,  3-OH-butyrate, 
palmitate,  and  pyruvate  have  been  adapted  to  tissue  slices  of  small  biopsy 
specimens  of  human  muscle. 
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c.  Standard  oxyqen  electrode  techniaues   for  the  oxidation  by  pure  mito- 
chondrial  fractions  isolated  from  human  muscle  biopsies  of  succinate, 
3-OH-butyrate,  palmitate,  pyruvate,  and  MADH. 

d.  Lactate,  pyruvate,  and  creatine  ohosohokinase  (CPK)  of  blood  and 
spinal   fluid. 

e.  Enzymes  of  glycogen  metabolism  in  muscle  -  phosohorylase,  glycogen, 
amylo-l,6-alucosidase,  phosphoqlucomutase,  and  acid  and  neutral  maltase. 

Patient  Material :     Selected  Medical   Neurology  Branch  patients  with 
ne u rological   diseases. 

Major  Findings:     a.  V/e  have  reported  simple  methods  developed  to  facili- 
tate the  study  of  metabolism  in  normal   and  diseased  human  skeletal  muscle 
samples  v/hich  contain  various  proportions  of  tv/o  major  muscle  fiber  tyoes. 
Oxidation  of  isotopically  labeled  substrates  was  measured  in  microslices 
(<10  mq  wet  weight)   and  in  a  mitochondrial   fraction  prenared  from  as  little 
as  100  mq  (but  generally  300  to  600  ma)  of  muscle.     The  microslice  measurements 
v/ere  expressed  per  unit  noncollaqen  protein.     The  methods  v/ere  developed  using 
histochemically  pure  red   (type  I   fibers,  soleus)   and  white  (type  II   fibers, 
superficial   lateral   portion  of  quadriceps)  muscle  of  guinea  pigs.     Red  muscle 
microslices  oxidized  all   substrates  more  rapidly  than  did  white,  but  the 
differences  were  greater  for  3-l^C-D,  L-beta-hvdroxvbutyrate  (19  fold)   and 
2-14C-pyruvate  (9  fold)   than  for  1 ,4-''^c_succinate  or  1- '^C-palmitate  (less 
than  3  fold).     Moreover,  the  mitochondrial   fraction  from  red  muscle  oxidized 
palmitate  and  succinate  at  the  same  rate  as  did  that  from  white  muscle  (per 
microgram  phospholipid  phosphorus),  but  the  red  muscle  fraction  oxidized 
beta-hydroxybutyrate  6  times  and  pyruvate  2  times  as  rapidly  as  did  the  white. 
Histochemical   results  paralleled  the  biochemical   data.     These  differences 
suggest  that  succinate  and  palmitate  oxidation  rates  possibly  reflect  the 
quantity  of  mitochondria  in  intact  red  and  white  muscle,  while  the  greater 
differences  in  beta-hydroxvbutyrate  and  pyruvate  oxidation  mav  be  indicating 
qualitative  differences  of  mitochondria  in  the  tv;o  tvnes  of  muscle.     Such 
differences  also  suggest  that  differences  in  motor  nerve,  known  to  influence 
muscle  type,  may  influence,  directly  or  indirectly,  the  Qualitative  properties 
of  muscle  mitochondria.     These  techniques  have  proved  applicable  to  biopsy 
samples  of  "normal"  human  muscle,     flicroslices  of  muscle  obtained  from  both 
open  surgical   and  percutaneous  needle  biopsies  oxidized  all   4  substrates 
reproducibly.     Human  muscle  mitochondrial   fractions  gave  linear  oxidation- 
versus-dilution  curves.     The  proportion  of  type  I: type  II  muscle  fiber  volume 
in  each  sample  v/as  estimated  histochemically  and  compared  to  the  4  oxidative 
enzyme  activities  measured  biochemically. 

b.     In  slices  of  human  muscle  biopsies  we  reported  that  muscle  from  more 
than  half  the  patients  with  spinocerebellar  deqeneration  and  1/3  of  cases  with 
idiopathic  or  familial   neuropathy  oxidized  pvruvate  at  a  rate  >5  SE  below  the 
control   mean.     Muscle  from  4  patients  with  myopathies  characterized  bv 
raqged-red  muscle  fibers  oxidized  3-OH-hutyrate  >3  SE  below  the  control  mean. 
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c.  In  mitochondria  from  muscle  of  selected  patients,  absolute  resniratory 
rates  and  dearees  of  oxidative-phosnhorylation  counlina  under  a  variety  of 
conditions  v;ere  determined  (v/ith  NIAIP). 

d.  In  a  family  shov/inq  hereditary  myoclonus  epilepsv,  a  concomitant 
myopathy  with  severe  morpholoqic  and  biochemical  (defective  NADH  oxidation) 
abnormalities  of  mitochondria  v/as  found.  Assuming  the  same  metabolic  defect 
may  exist  in  brain  causing  the  epilepsy,  skeletal  muscle  provides  much  more 
accessible  tissue  for  its  elucidation. 

e.  One  patient  with  intermittent  cerebellar  ataxia,  who  was  reported  to 
have  pyruvate  decarboxylase  deficiency,  had  excessive  lipid  dronlets  in  his 
skeletal  muscle  fibers,  as  did  his  clinically  normal  father.  Biochemical 
abnormalities  in  other  types  of  soinocerebellar  ataxia  are  noted  above. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
El ucidation  of  biochemicaTTBnormalities,  particuTarly  in  the  realm  of  enzymes 
and  other  proteins,  is  important  to  the  understanding  of  neurologic  and  neuro- 
muscular diseases,  and  in  seeking  means  of  therapy.  Putting  the  various 
abnormalities  in  oroper  nersnective  reoarding  pathogenesis  and  disease 
specificity  is  often  neglected,  but  it  is  vital  to  planning  future  investigative 
and  therapeutic  procedures.  Having  comparative  studies  of  biochemical 
differences  between  type  I  and  type  II  skeletal  muscle  fibers  will  heln  provide 
a  basis  for  understanding  the  pathogenesis  of  the  many  neuromuscular  disorders  ■ 
preferentially  affecting  one  of  these  fiber  tynes,  as  detailed  in  the  Histo- 
chemistry Project.  VJith  the  development  of  this  technique  applicable  to 
microslices  of  human  muscle,  one  can  now  seek  abnormalities  of  oxidative 
pathways  in  human  muscle  diseases. 

The  spinocerebellar  ataxias,  usually  hereditarv,  have  long  been  resistant  to 
yielding  up  their  secrets  to  scientific  analysis,  but  a  beginning  is  now  being 
made  in  their  biochemical  analysis. 

Proposed  Course  of  Project:  Ideally,  the  above  techniques  ought  to 
continue  to  be  perfected  and  anplied  to  muscle  from  a  variety  of  human  neuro- 
muscular and  central  nervous  system  disorders  to  seek  further  details  of 
biochemical  defects  therein,  as  well  as  the  biochemical  differences  and 
similarities  of  human  tyne  I  and  type  II  fibers.  However,  we  have  not  been 
granted  a  nosition  for  such  an  investigator,  nor  do  we  have  a  technician. 
There  is  a  slight  possibility  some  of  these  things  can  be  done  by  contract, 
but  contract  work  is  much  less  satisfactory  than  doing  it  ourselves. 

Honors  and  Awards:  None 

Publications: 

Blass,  .1.  P.,  Kark,  R.  A.  P.,  Enqel ,  W.  K.:  Clinical  studies  of  a 
patient  with  pyruvate  decarboxylase  deficiency.  Arch.  Neurol.  25: 
449-460,  1971.  ^  " 
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Karkj  R.  A.   P.,  Plass,  J.   P.,  Aviqan,  J.,  and  Enqel,  W.   K.:  The 
oxidation  of  g-hydroxybutyric  acid  by  small  quantities  of  tyne-pure 
red  and  white  skeletal  muscle.     J.   Biol.   Chem.   246:  4560-4566,  1971. 
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2.1 

1,6 
0.5 


Objectives;     To  more  fully  elaborate  the  clinical,  histochemical ,  biochem- 
ical ,~anTuTtrastructural  abnormalities  of  patients  with  the  various  myopathies. 
To  further  sub-classifv  patients  in  each  categorv  using  those  parameters. 
To  treat  myopathic  disorders  by  different  methods  in  order  to  learn  which  is 
most  effective  within  each  disease  category.     To  produce  animal  models  of 
pathogenic  phenomena. 

Methods  Employed:     Most  of  the  details  of  techniaues  applied  to  human 
material   are  described  in  the  various  methodological   projects  of  this  Branch. 
Therapeutic  trials  were  conducted  with  \/ery  careful  clinical   and  laboratory 
examinations  to  document  change  of  disease  state.     For  comparison  with  Duchenne 
muscular  dystrophy,  structural  and  non-structural  vascular  lesions  of  muscle 
were  produced  in  animals. 
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Patient  flaterial :  Medical  Neurol oqv  Branch  patients  and  outside  oatients 
from  whom  diaqnostic  muscle  biopsies  were  obtained  and  sent  here  for  study. 

Major  Findings:  We  have  nronosed  a  new  hynothesis,  based  on  muscle  histo- 
chemical  studies,  concerning  the  pathogenesis  of  progressive  pseudohypertrophic 
muscular  dystronhy  of  Duchenne.  Because  the  earliest  histochemical  change  is 
a  grouped  pattern  of  degenerating  and  regenerating  muscle  fibers,  it  was 
hypothesized  that  the  disease  is  caused  bv  an  abnormality  of  small  arterial 
blood  vessels  on  either  a  structural  or  functional  basis.  That  principle  was 
established  and  the  hypothesis  shown  to  be  possible  bv  the  production  of 
identical  early  and  late  muscle  lesions  after  sinqle  and  reneated  embolization 
of  rabbit  arteries  (structural  arterial  occulsion).  We  have  now  reported 
production  of  the  same  early  and  late  Duchenne-like  muscle  lesions  with  non- 
structural, presumably  functional,  lesions  of  intramuscular  blood  vessels  by 
combining  a  subthreshold  vascular  factor  (aortic  ligation)  and  a  subthreshold 
dose  of  a  vasoactive  amine  (either  serotonin  or  norepinenhrine) ,  thereby 
establishing  the  possibility  of  a  functional  abnormality  of  blood  vessels 
and/or  vasoactive  substances  affecting  them  being  the  basis  of  Duchenne 
dvstroDhy  (thus  like  small  "strokes"  or  "transient-ischemic-attacks"  of  muscle). 

Most  recently  v/e  have  found  a  defective  untake  of  serotonin  bv  nlatelets 
from  Duchenne  dystrophy  patients  (with  NIMH)  —  a  similar  defect,  if  nresent 
at  the  autonomic  nerve  endings  on  intramuscular  blood  vessels,  could  result  in 
functional  ischemia.  In  the  animal  model  of  functional  ischemia,  serum  "muscle 
enzymes"  have  been  shown  to  rise  as  in  Duchenne  dystrophy,  following  the 
serotonin  or  norepinenhrine  —  this  parameter  will  be  used  to  screen  drugs  for 
clinical  therapeutic  use. 

Contrary  to  a  few  other  reports,  vie   have  shown  that  there  is  no  abnormality 
of  circulating  or  excreted  norepinephrine  or  sorotonin  or  their  products 
(with  NIMH). 

For  several  of  the  erstwhile  "myopathic"  disorders,  both  long-known  ones, 
such  as  myotonic  atrophy  (myotonic  dvstroohy),  and  recently  found  ones,  such 
as  type  I  hypotrophy  with  or  without  central  nuclei,  a  new  hynothesis  con- 
cerning their  possibly  being  caused  by  a  lover  motor  neuron  abnormality  has 
been  proposed  (see  Lovfer  Motor  Neiiron  Disorders). 

Amyloid  myopathy,  with  sporadic  and  familial  forms,  has  been  discovered. 

In  progressive  external  oohthalmoplepia  it  was  reported  that  "ragged-red 
fibers"  are  present  in  clinically  normal  limb  muscle  (as  well  as  weak  muscle) 
and  are  characteristic  of  the  syndrome.  Such  fibers  have  excessive  lipid 
droplets  and  excessive  and  enlarged  mitochondria  with  bizarrely  proliferated 
membranes,  i^uscle  slices  from  4  of  5  patients  with  myopathies  characterized 
by  "ragged-red"  muscle  fibers  had  diminished  oxidation  of  S-^'^C-DjL-s-hydroxy- 
butyrate,  i.e.,  3.5  SE  below  the  mean  for  19  normal  or  disease-control  patients 
(4  normals,  4  v/ith  non-neuromuscular  diseases,  11  with  various  myopathies). 
In  two  cases,  2-l^C-pyruvate  was  also  oxidized  at  somev/hat  low  rates  but 
1 ,4-'^C-succinate  oxidation  v«s  normal  in  all. 
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flyonathy  with  emnhasis  on  nitochondrial  abnormalities  was  identified  in 
two  siblinos  with  childhood  onset  myoclonus  enilensv  and  persistent  lactic- 
acidosis.  The  mitochondria  were  bizzare,  with  whorled  cristae  and  crystalline 
inclusions.  These  patients  did  not  have  onhthalmorleqia. 

In  skeletal  muscle  nhosnhorvlase  de-?iciencv  (''cArdle's  disease)  hitherto 
thought  to  be  a  complete  genetic  absence  of  the  muscle  enzvme  phosnhorylase, 
we  have  demonstrated  presence  of  that  enzvme  in  the  muscle  fibers  from  biopsies 
of  such  patients  grown  (regenerating)  in  tissue  culture,  as  well  as  in 
regeneratinn  fibers  in  vivo.  This  "revivabilitv"  of  the  enzvme  offers  a  new 
therapeutic  nossibility  for   the  patients  (see  our  •licrobiologv  Proiect). 

The  polymyositis/dermatomvositis  disease  comnlex,  when  beginning  over  the 
age  of  40,  especially  in  males,  is  commonlv  associated  with,  and  perhaps  due 
to,  a  small  distant  cancer.  The  childhood  form  is  not  associated  with  cancer, 
but  both  age  groups  might  have  similar  pathogenic  mechanisms.  The  method  of 
treatment  we  introduced  to  this  disease  4  }/?.   ypars  ago,  high-single-dose 
alternate-day  glucocorticoid  (prednisone),  has  now  proven  in  our  hands  to  be 
the  best  available  both  for  children  and  adults  without  or  with  cancer.  It 
has  greater  therapeutic  benefit,  fewer  side-effects,  and  is  easier  to  manage. 
Our  experience  now  includes  19  carefully  studied  adults  and  children,  many  of 
them  considered  therapeutic  failures  on  other  regimens  —  IB  improved,  some 
to  essentially  normal. 

We  have  reported  a  new  hypothesis  on  a  mechanism  of  muscle  damage  in  the 
polvmyositis/dermatomyositis  (PM/DH)  comnlex.  On  the  basis  of  our  reported 
finding  of  denosits  of  immunoglobulin  G,  immunoglobulin  M,  and  gir  globulin 
(C3),  alone  or  in  combination,  in  skeletal  muscle  blood  vessels  of  l5  of  36 
cases  of  PM/DM,  especially  in  childhood  derma tomvositis,  we  suggest  that  one 
of  the  mechanisms  leading  to  muscle  damage  in  some  patients  with  inflammatory 
myopathy  mav  be  vascular  abnormality  mediated  through  deposits  o-f"  immunoglobulin 
and  C3,  possibly  in  the  form  of  immune  complexes,  this  sunnorts  our  earlier 
hypothesis  that  PM/OM  may  be  another  form  of  blood-vessel  abnormality  of 
muscle.  The  immunological  abnormality  could  in  turn  be  caused  by  a  viral 
infection  and/or  an  associated  cancer,  or  the  cancer  and  the  "immuno-myopathy" 
could  both  be  viral -induced.  No  Australian  antigen,  either  circulating  or 
bound  to  blood  vessels  or  muscle  cells,  could  be  identified  in  anv  of  our 
PM/DM  patients  (with  CC). 

Viral  isolation  studies  involving  short  and  long-term  cultures  of  muscle 
from  polymyositis  and  dermatomvositis  patients  have  so  far  failed  to  reveal  a 
transmissible  agent  (with  NCI  and  PRB,  NIMns). 

The  human  myopathies  associated  with  svstemic  diseases  have  been  reviewed 
and  reported. 
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Significance  to  Bio-Medical   Research  and  the  Program  of  the  Institute: 
The  myopathies  represent  a  group  of  disorders  rather  similar  clinically,  the 
detailed  differences  of  which  have  only  begun  to  be  worked  out  in  the  recent 
few  years.     One  of  the  ma.ior  methods  for  distinguishing  these  disorders  is  by 
histochemistry  of  the  muscle  biopsy.     Other  methods  include  electron  microscopy, 
biochemistry,  and  immunology.     Hence,  the  distinguishing  of  various  new  forms 
of  disease  represent  a  step  toward  the  overall   understanding  of  this  group  of 
disorders.     It  is  only  when  the  detailed  differences  of  the  various  forms  of 
myopathy  are  analysed  that  the  pathogenesis,  etiology,  and  treatment  can  be 
understood.     In  fact,  we  are  now  proposing  that  some  erstwhile  "myopathies" 
(such  as  "myotonic  dystrophy")  are  the  result  of  abnormal   neural   influence  on 
muscle.     Identification  of  characteristic  histochemical   and  biochemical   defects 
(such  as  the  inability  to  utilize  long-chain  fatty  acids  and  phosphorylase 
deficiency)   in  the  myopathies  provides  leads  to  further  explore  the  pathogenesis 
and  possible  treatment. 

Specific  or  semi -specific  structural  changes  of  certain  elements,  such  as 
mitochondria,  especially  when  coupled  with  a  metabolic  defect,  such  as  lactic- 
acidosis,  provide  leads  toward  finding  a  specific  metabolic  defect. 

The  new  histologically  based  hypothesis  of  ischemia  as  the  cause  of 
Duchenne  muscular  dystrophy  raises  for  consideration  the  possible  use  of  drugs 
to  increase  the  blood  flow  through  perfusion  (not  shunt)  vessels  of  muscle. 

The  beneficial   response  obtained  in  the  therapy  of  dermatomyositis/ 
polymyositis  demonstrates  an  additional   regimen  available  in  the  management  of 
such  disorders. 

Finding  that  immunoglobulin  complexes  in  intramuscular  blood  vessels  may 
be  a  factor  in  the  muscle  damage  offers  a  new  avenue  for  possible  therapy. 

Finding  that  muscle  fibers  in  "myophosphorylase  deficiency"  are  capable 
of  producing  phosphorylase  under  conditions  of  regeneration  not  only  demon- 
strates a  whole  new  concept  of  the  disease  that  is  needed  to  replace  the  "absence 
of  a  gene"  idea,  but  that  "revivable"  phosphorylase  means  a  new  possibility  of 
treating  the  enzyme"  and  thus  the  patient. 

.  Proposed  Course  of  Project;     The  studies  underway  are  part  of  a  long-term 
project  v/hich  will   continue  for  several  years. 

Honors  and  Awards:  None 

Publications: 

Engel,  W.   K. :   Duchenne  muscular  dystrophy:  A  histological ly-based 
ischemia  hypothesis  and  comparison  with  experimental   ischemia  myopathy 
Proc.   59th  Ann.   Mt.   Intern.   Acad.   Path.     Williams  X  Wilkins  Co., 
Baltimore,  Md. In  press. 
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Other: 
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Project  Description: 


and  human  skeletal 
compare  the  growth 
muscle  in  culture. 


Objectives:     To  study  the  grov/th  characteristics,  histochemical   reactiv- 
i ti es7~i~mmunoTogi c  properties,  and  electron  microscopic  details  of  animal 

muscle  and  motor  neurons  grown  in  tissue  culture.     To 
and  histochemical   characteristics  of  "red"  vs.   "white" 
To  study  interactions  between  lower  motor  neurons  and 
muscle  fibers  in  culture.     The  tissue  is  from  either  normal   chick,  mouse  or 
rat  embryo  or  is  noriTial   or  abnormal   biopsied  adult  or  child  human  tissue, 
especially  muscle. 

Methods  Employed:     Standard  tissue  culture  techniaues  are  used  as  a  basis, 
modifTecTas  necessary  to  obtain  good  growth  from  human  cells.     Applied  to  the 
cultured  cells  are  other  techniques  being  used  in  the  Branch,  e.g.,  histo- 
chemistry, electron  microscopy,  and  immunology. 

Patient  Material :     A  portion  of  the  onen  muscle  biopsy  from  certain  adult 
and  child  patients  with  neuromuscular  disease  is  taken  for  culture  purposes. 
Needle  biopsies  of  such  human  muscle  can  also  be  grown  successfully. 


23f 


Serial  No.  NDS(I)-63  MN/OC  1037(c) 

Major  Findings:     A  larqe  number  of  experiments  were  performed  in  order  to 
obtain  optimal   cultures  of  adult  human  skeletal  muscle  fibers  for  histochemical 
differentiation  studies.     Refinements  in  qlassware  preparation  and  media 
composition,  as  v/ell   as  exnlanting  technioues,  have  allowed  us  now  to  obtain 
consistently  cultures  in  which  numerous  mature,  striated  muscle  fibers  are 
found.     They  are  growing  for  at  least  5-8  mm  in  length  and  are  distinctive 
from  the  scanty  fibroblastic  background. 

Although  tissue  culture  technioues  have  been  used  extensively  in  studying 
the  development  of  muscle  from  animal   embryos,  human  skeletal   muscle  is 
difficult  to  culture.     We  have  developed  a  system  in  which  we  achieve 
renroducible  growth  for  R0%  of  exnlants  of  muscle  biopsies  of  children  and 
adults.     The  morphologic  and  histochemical    (myofibrillar  ATPase  and  DPNH 
tetrazolium  reductase)  development  of  normal   and  pathologic  (neuropathies, 
inflammatory  myopathy,  central   core  disease,  myophosphorylase  deficiency 
and  muscle  with  abnormal  mitochondria)  human  muscle  is  similar  to  that 
of  chick  embryo  muscle,  but  is  delayed,  slower,  and  has  a  greater  propensity 
to  form  fibers  away  from  the  exnlant. 

Electron  microscopic  studies  of  normal   cultured  human  muscle  disclosed 
subcellular  features  like  those  of  chick  embryo  muscle  in  culture,  except 
the  human  fibers  lack  T-tubules  and  do  not  contract  spontaneously. 

The  ultras tructural   and  histochemical   details  of  the  above-mentioned 
abnormal  muscle  are  now  being  analysed. 

"Pevitalization"  of  phosphorylase  in  tissue  cultured  muscle  fibers  of 
phosnhorylase  deficiency  natients  has  been  shown  —  see  Myopathy  Project. 

Significance  to  Bio-Medical   Research  and  the  Program  of  the  Institute: 
In  addition  to  determining  the  histochemical   properties  of  normal  muscle  and 
its  growth  characteristics  in  vitro,  the  studies  of  pathologic  human  muscle 
in  vitro  will  be  used  to  seek  disturbed  growth  patterns,  and  morphologic  and 
biochemical   abnormalities.     More  particularly,  v/ays  of  improving  deficient 
growth  will  be  sought.     Agents  found  to  improve  deficient  growth  in  vitro 
will   then  be  tested  for  their  usefulness  in  the  patient  with  muscle  disease  to 
promote  growth  of  abnormal  muscle  or  to  retard  its  degeneration.     Study  of 
motor  neurons  grown  in  vitro  is  part  of  a  multilateral   approach  to  diseases 
which  preferentially  involve  human  motor  neurons,  such  as  amyotrophic  lateral 
sclerosis. 

Proposed  Course  of  Project:     Further  studies  of  normal   and  pathologic 
human  muscle  in  vitro  will   be  done.     Definitive  studies,  starting  with 
histochemistry,  will   be  applied  to  the  cultured  motor  neurons.     Electron 
microscopy  of  the  cultured  abnormal  muscle  and  nerve  cells  is  in  progress. 
Time  lapse  cinematography  has  also  been  started.     See  also  "Significance   ..." 
above. 
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Honors  and  Awards:  None 

Publications: 

Roelofs,  R.  I.,  Enqel ,  W.  K. ,  and  Chauvin,  P.  B.:  Histochemical 
phosphorylase  activity  in  regenerating  muscle  fibers  from  myophosphorylase 
deficiency  patients.  Science.  In  press. 

Mendel  1,  J.  R,,  Roelofs,  R.  I.,  and  Enqel,  W.  K.:  Ultras tructural 


development  of  explanted  human  muscle  in  tissue  culture. 

Exp.  Neurol.  In  press. 


J.  Neuropathol 
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Other:       0.2 

Project  Descrintion: 

Objectives:  In  ALS  and  other  diseases  affecting  the  lov/er  motor  neurons, 
we  are  seeking  (a)  more  precise  moroholooic  and  chemical  definition  of  the 
abnormalities;  (b)  separation  of  each  disorder  into  more  distinct,  and  often 
new,  subforms;  (c)  specific  or  sv'mntonatic  therapeutic  response;  (d)  new 
methods  of  analysing  the  abnormalities;  and  (e)  animal  models  of  the  human 
pathophysiologic  states. 


Methods  Employed;  The  techninues  of  histochemistry,  biochemistry, 

immunolony,  tissue  culture,  and  electromyography  v/ere  as 
on  those  methods.  Additional  methods  were 


electron  microscopy 

detailed  in  other  project  renorts 
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as  follows.     Double-blind  therapeutic  trials,  the  efficacy  of  which  is  judged 
by  clinical   testinq,  functional   evaluation,  and  serial   quantitative  evaluation 
of  muscle  function  using  an  anoaratus  desiqned  by  us  for  quantitating  isometric 
muscle  tension.     Analysis  of  motor  areas  of  brain  and  sninal   cord  by  histo- 
chemistry and  electron  microscopy.     Biochemical   assays  of  several   parameters 
of  lipid  metabolism  (with  U.C.L.A.).     Biochemical   assays  of  sninal   fluid 
metabolites  of  norepinephrine  and  serotonin  (with  NIMH).     Animal   studies  to 
evaluate  recoverability  of  sensory  function  in  the  monkey  following  ablation 
of  the  primary  somatosensory  projection  cortex  (with  NIMH). 

Patient  Material :     Medical   Neurology  Branch  patients. 


( 


Ma j 0 r  Findings: 


MOTOR  NEURON  DISORDERS 


In  a  series  of  21   patients  with  amyotrophic  lateral  sclerosis   (ALS),  we 
reported  abnormally  very  low  levels  of  spinal   fluid  homovanillic  acid  (HVA), 
a  product  of  dopamine  metabolism,  but  normal   5-hydroxyindoleacetic  acid,  a 
product  of  serotonin  metabolism.     Since  the  probenecid-induced  accumulation  of 
HVA  was  also  below  normal,  a  diminished  central   synthesis  of  dopamine  was 
suggested.     With  administration  of  L-DOPA  to  10  ALS  patients  for  5  months,  the 
CSF  HVA  rose  to  very  high  levels,  as  did  normals,  but  no  clinical   improvement 
was  observed.     The  HVA  abnormality  is   the  first  metabolic  defect  observed  in       i 
ALS  patients  but  its  significance  to  the  pathogenesis  of  the  disease  remains 
unknown. 

In  14  parents  of  children  with  infantile  spinal  muscular  atronhy,  a 
recessively  inherited  disorder,  no  subclinical  evidence  of  motor  neuron  disease 
v/as  found  by  muscle  biopsy  histochemistry  or  electromyograohy. 

We  renorted  that  of  18  histochemical   reactions  done  on  the  cat  lumbar 
cord  in  an  attempt  to  learn  metabolic  particularities  of  a-motoneurons  in  the 
anterior  horn  of  the  sninal   cord  (the  ones  preferentially  involved  in  ALS), 
only  two  distinguished  them,     a-motoneurons  of  both  fast-twitch  and  slow-twitch 
motor  units  v/ere  rich  in  phosphorvlase  and  poor  in  succinate  dehydrogenase,  in 
contrast  to  the  onnosite  characteristics  of  y-motoneurons,  Renshaw  cells,  and 
other  interneurons.     Thus  one  theoretical   possibility  is  that  ALS  might  be 
related  to  an  abnormality  of  glycogen  metabolism. 

A  new  hypothesis  on  the  pathogenesis  of  some  neuromuscular  disorders  has 
been  reported  —  specifically  that  some  erstwhile  "myopathic"  disorders  are 
actually  caused  by  a  lower  motor  neuron  abnormality.   It  is  proposed  that  in 
spite  of  a  "myopathic"   (v/hich  we  consider  often  to  be  a  misnomer)   EMG,  certain 
disorders  are  not  myopathic  but  rather  neurogenic.     (A  new  approach  to  EMG 
studies  is  described  in  the  "Methodology"  section.)     As  part  of  this  formula- 
tion, details  have  been  proposed  regarding  how  a  motor  neuron  might  be 
defective  in  a  variety  of  Qualitative  or  quantitative  ways  with  a  variety  of 


28  f 


Serial  No.  NDS(I)-63  MN/OC  1039(c) 

time  courses  tov/ard  death.  Each  of  these  could  give  a  different  clinical 
disorder.  Diseases  newly  considered  to  be  probably  neurogenic  are  type  II 
muscle  fiber  atrophy  (cachectic  and  disuse  atronhy,  corticosteroid  atrophy 
["myopathy"]),  myasthenia  gravis,  facilitating  myasthenic  syndrome,  myotonic 
atrophy  (myotonic  "dystrophy"),  type  I  fiber  hypotrophy  with  central  nuclei, 
central  core  disease,  and  facioscapulohumeral  syndrome  (some  cases).  Possibly 
neurogenic  (nerhaps  only  in  a  small  part)  are  benign  congenital  hypotonia 
(with  type  I  fiber  predominance  or  with  type  I  fiber  smallness),  thyrotoxic 
atrophy  ("myopathy"),  myotonia  congenita,  paramyotonia  congenita,  some  cases 
of  facioscapulohumeral  disease,  focal  loss  of  cross-striations,  and  late-onset 
and  congenital  rod  disease.  From  such  proposals  a  new  classification  of 
neuromuscular  disorders  has  been  reported.  A  new  clini co-pathologic  syndrome 
of  type  I  muscle  fiber  smallness  without  central  nuclei  has  been  found  in  a 
child  with  progressive  weakness;  it  was  proposed  to  be  of  neural  origin. 

The  generalized  muscle  cachectic  atrophy  and  weakness,  which  is  a  common 
and  often  the  most  crippling  manifestation  of  cancer  as  well  as  of  hyper- 
corticosteroidism  (Gushing' s  syndrome  and  iatrogenic)  and  disuse,  histo- 
chemically  is  selective  atrophy  of  type  II  muscle  fibers.  We  have  reported 
a  new  hypothesis  to  the  effect  that  this  may  be  a  pan-neuronathy  of  all  lower 
motor  neurons  to  which  the  type  II  muscle  fibers  are  more  susceptible,  not  a 
myopathy  as  is  usually  stated.  This  proposal  was  supported  by  our  report 
that  the  ultras tructural  aspects  of  type  II  atronhy  are  qualitatively 
indistinguishable  from  typical  denervation  atrophy,  but  milder  in  degree. 
There  is  no  alteration  of  the  EMG  pattern  in  tvpe  II  atrophy,  even  though  the 
patient  is  severely  wasted  and  weak.  We  will  next  turn  our  attention  to  ways 
to  prevent  or  treat  type  II  atrophy,  which  would  significantly  benefit  cancer 
patients  even  if  the  basic  neoplasm  could  not  be  excised. 


I 


The  muscle  histochemistry  of  3  distinct  types  of  motor  units  in  the  cat 
astrocnemius  have  been  correlated  with  their  various  physiologic  properties 
with  LNLC,  see  our  Histochemistry  Project). 

In  a  study  of  cortical   representation  of  sensation  in  the  monkey,  it  was 
concluded  that  neither  SI  nor  SI  I  is  of  major  importance  for  fine  discrimina- 
tions of  tactile,  vibratory,  proprioceptive,  and  two-point  sensation,  contrary 
to  existing  neurophysiological   theories   (with  NIMH). 

PERIPHERAL  NEUROPATHIES 

Our  excellent  results  with  high-single-dose  alternate-day  prednisone 
treatment  in  the  initial  patient  with  idiopathic  recurrent  neuropathy,  improve- 
ment maintained  now  for  53  months,  has  been  extended  to  several  more  patients 
also  with  improvement,  ones  with  nonremitting  as  well   as  ones  with  remitting 
courses  of  disease,  including  ones  with  "soma-axonal"  as  well  as  "Schwann 
cell"  disease  types. 

Six  of  seven  patients  in  a  family  with  hereditary  sensorv  neuropathy  were 
found  to  have  elevated  immunoglobulin  A  in  their  serum;  3  of  4  of  the  6  had 
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elevated  IgA  production  by  their  small  bowel  tissue. 

A  peripheral   neuropathy  of  somal/axonal   degeneration  tyoe  secondary  to 
di ami no-di phenyl  sulfone  (Dapsone)  therapy  has  been  demonstrated  (with  NIAID). 

A  chapter  on  our  experience  with  the  immunoglobulin  abnormalities  in 
amyloidosis  and  other  neurologic  disorders  has  been  published. 

SPINOCEREBELLAR  ATAXIAS 

One  patient  with  intermittent  cerebellar  ataxia,  whom  we  reported  to  have 
pyruvate  decarboxylase  deficiency,  had  excessive  lipid  droplets  in  his  skeletal 
muscle  fibers,  as  did  his  clinically  normal  father  (see  our  Biochemical 
Project). 

Using  a  system  we  developed  and  reported  for  applying  radioisotopic 
biochemical  assays  to  small  samnles  of  bionsied  human  muscle,  obtained  by 
utilizing  needle  or  open  biopsies  and  a  micros lice  system,  we  reported  that  the 
muscle  biopsy  slices  from  more  than  half  the  patients  with  spinocerebellar 
degeneration  and  1/3  of  cases  with  idiopathic  or  familial  neuropathy  oxidized 
pyruvate  at  a  rate  >6  SE  below  the  control  mean.  The  oxidation  rates  were  not 
related  to  the  severity  of  the  neuropathic  changes  in  the  muscle.  Cultured 
skin  fibroblasts  from  two  such  siblings  with  Friedreich's  ataxia  oxidized 
1_14c-pyruvate  and  2-'^C-pyruvate  at  less  than  half  the  rate,  but  U-'^C- 
glutamate  at  rates  comparable  to  those  found  with  control  fibroblasts. 
(See  our  Biochemistry  Project.) 

The  various  manifestations  of  the  immunologic  deficiency  state  and  other 
metabolic  abnormalities  in  ataxia-telangiectasia,  found  by  us  over  the  past  5 
years,  have  been  published  in  a  chapter  (see  our  Immunology  Project.) 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
New  details  have  been  accumulated  on  the  morphologic  and  biochemical  substrata 
of  at  least  some  patients  with  ALS,  peripheral  neuropathies,  the  spinocerebellar 
ataxias  (e.g.,  some  with  Friedreich's  ataxia),  and  other  diseases  of  the  lower 
motor  neuron.  More  accurate  evaluation  of  therapeutic  trials  has  been  facili- 
tated by  (a)  development  of  an  instrument  for  quantitative  muscle  testing 
in  patients  and  (b)  more  complete  knowledge  of  variations  in  the  natural 
course  of  the  forms  of  motor  neuron  diseases.  The  demonstrated  role  of 
abnormal  dopamine  metabolism  in  the  spectrum  of  neuroloqic  disorders  has  been 
widened  to  include  amyotrophic  lateral  sclerosis.  New  aspects  of  the  beneficial 
use  of  prednisone  in  chronic  neuropathy  indicate  additional  patients  should  be 
tried  on  the  drug  on  a  prolonged  program,  every-other-day,  even  if  they  have 
been  severely  paralysed  months  or  longer. 

If  our  proposals  are  correct  that  some  erstwhile  myopathic  disorders  are 
actually  caused  by  abnormalities  of  the  lower  motor  neuron,  then  all  searches 
for  the  basic  abnormality  that  are  focused  on  the  muscle  represent  explorations 
in  the  wrong  forest  —  we  must  direct  our  attention  to  the  motor  neuron  rather 
than  the  muscle. 

SQf 


Serial  No,  NP$(I)-63  MN/OC  1039(c) 

Proposed  Course  of  Project:  To  more  fully  develop  studies  undenvay  in 
the  hone  that  identification  of  metabolic,  immune,  or  infectious  etiologies 
will  lead  to  a  means  of  treating  and  preventing  these  disorders.  To  further 
explore  the  interactions  of  motor  neuron  and  muscle,  and  disorders  thereof. 
To  undertake  additional  theraoeutic  trials.  We  are  intrioued  with  the 
possibility  of  treatino  the  cachectic  muscle  wasting  aspects  of  cancer  patients, 

Honors  and  Awards:  None 
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1.  Medical  Neurology  Branch 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 


Project  Title:  Episodic  Weakness 

Previous  Serial  Number:  Same 

Principal  Investigators:  W.  King  Engel ,  M.D. 

Alan  Borenstein,  M.D. 

Other  Investigators:     None 

Cooperating  Units:      None 

Man  Years: 

Total:  0.8 
Professional:  0.7 
Other:       0.1 

Project  Description: 

Objectives:  To  define  more  clearly  and  treat  those  disorders  affecting 
the  neuromuscular  apparatus  which  present  primarily  with  episodic  weakness  or 
paralysis.  Attention  is  directed  toward  those  conditions  in  which  evidence 
suggests  that  the  main  site  of  intermittent  dysfunction  is  somewhere  within 
the  following  portions  of  the  muscle  fiber:  sarcolemma,  T  system,  sarcoplasmic 
reticulum,  myofibrillar  complex  (i.e.,  the  excitation-contraction  coupling 
mechanism).  Studies  are  done  with  agents  which  are  either  provocative  or 
therapeutic  with  respect  to  periodic  paralysis  syndromes,  with  a  view  to 
obtaining  more  information  regarding  pertinent  metabolic  pathways  and  methods 
of  treatment. 

Methods  Employed:  The  techniques  of  clinical  investigation  (including 
electromyography  and  clinical  biochemistry),  muscle  biopsy  with  samples  for 
histochemical  analysis,  electron  microscopy,  and  biochemical  assays  of  tissue 
were  delineated  in  our  other  projects.  Provocation  loading  tests  and  thera- 
peutic trials  to  raise  or  lower  potassium  or  sodium  were  used.  Acetazolamide 
was  administered  as  a  prophylactic  agent  for  hypokalemic  periodic  paralysis. 

Patient  Material :  Patients  of  all  ages  are  admitted  to  the  Medical 


33  f 


Serial  No.  NDS(I)-65  MN/OC  n89(c) 


Neurology  Branch  for  this  project  if  they  have:  intermittent  muscular  weakness 
associated  with  familial  periodic  paralysis,  hypo-  or  hyperkalemic;  isolated 
examples  of  periodic  paralysis  with  potassium  disturbance;  thyrotoxic  periodic 
paralysis;  paramyotonia  congenita;  or  myotonic  congenita.  (Patients  with 
myasthenia  gravis  are  part  of  another  Medical  Neurology  Branch  Project.) 

Major  Findings:  A  new  use  for  acetazolamide  (Diamox),  a  carbonic 
anhydrase  inhibitor,  was  introduced  by  us  6  years  ago  --  it  is  now  widely 
accepted  as  the  best  prophylactic  agent  available  in  hypokalemic  periodic 
paralysis.  It  has  thus  far  provided  moderate  to  striking  benefit  for  18 
of  our  20  patients,  two  for  over  6  years.  It  has  also  improved  the  moderate 
or  severe  persistent  proximal  weakness  between  attacks  that  afflicted  16  of 
18  patients  on  convential  therapy.  The  mechanisms  of  acetazolamide  action 
in  this  disease  remains  unknown,  since  muscle  itself  has  no  carbonic 
anhydrase. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
Acetazolamide  has  proven  to  be  the  most  effective  prophylaxis  available 
in  the  treatment  of  hypokalemic  periodic  paralysis.  It  provides  new  avenues 
for  investigation  of  the  basic  pathophysiology  in  this  disease. 

Proposed  Course  of  Project:  To  explore  in  more  detail,  with  patients  and 
animals,  the  mechanism  of  action  of  acetazolamide  prophylaxis  in  hypokalemic 
periodic  paralysis  and  the  pathogenesis  of  the  disease  itself.  To  seek  even 
more  effective  therapeutic  agents. 

Honors  and  Awards:  None 

Publications:  None 
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1.  Medical  Neurology  Branch 

2.  Office  of  the  Chief 

3.  Bethesdia,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  Myasthenia  Gravis 

Previous  Serial  Number:   Same 

Principal  Investigators:  John  R.  Warmolts,  M.D. 

W.King  Engel ,  M.D. 

Other  Investigators:     Bernard  M.  Patten,  M.D. 

Peter  K.  Re',  M.D. 

Cooperating  Units       None 

Man  Years 

Total:  1.2 
Professional:  1.0 
Other:       0.2 

Project  Description: 

Objectives:  To  apply  histochemical ,  pharmacologic,  electrophysiologic 
and  immunologic  techniques  to  investigate  the  pathogenesis  of  myasthenia 
gravis.  To  seek  new  or  improved  methods  of  treatment. 

Methods  Employed:  Clinical  studies,  including  prostigmine  and  curare 
challenging  tests,  were  done  on  patients  with  myasthenia  gravis,  on  a  group 
of  patients  with  myasthenic  syndrome  in  association  with  clinical  entitites 
with  established  denervation,  and  on  a  number  of  patients  with  a  variety  of 
other  neuromuscular  diseases.  Competence  of  neuromuscular  transmission  was 
studied  neurophysiologically  in  patients  with  maysthenia  gravis  and  other 
neuromuscular  disorders.  A  new  treatment  program  consisting  of  high-single- 
dose  (100  mg  for  the  average  adult)  alternate-day  prednisone  was  introduced, 
with  adjuncts  of  supplemental  potassium,  antacids,  and  low  sodium,  low 
carbohydrate  and  high  protein  diet. 

Patient  Material :  Patients  participated  in  the  therapeutic  trials. 
Sera,  muscle,  thymus  and  other  tissue  were  obtained  from  Medical  Neurology 
Branch  Patients. 

Major  Findings:  A  complete  hypothesis  utilizing  data  from  many 
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types  of  investigative  studies  has  been  reported,  to  the  effect  that  myasthenia 
gravis  (MG)  is  a  disorder  of  the  lower  motoneuron  soma,  which  fails  to  provide 
a  qualitatively  and/or  quantitatively  adequate  axoplasmic  flow  to  nourish  the 
axon  tips.     This  motoneuron  defect  is  proposed  as  being  caused  by  an  abnormality 
of  thymus  and  related  tissues.     Certain  known  "immunologic"  alterations  in 
MR  are  by  this  hypothesis  considered  parallel   and  potentially  informative 
phenomena  but  not  pathogenic  of  the  muscle  weakness.     The  motoneuron  abnormality 
is  viewed  as  initially  causing  a  greater  defect  of  excitation  factor 
(acetylcholine)  and  later  a  diminution  of  "trophic  factor"  too. 

A  patient  with  juvenile  myasthenia  gravis  has  now  been  maintained  at 
about  95%  improvement  for  5  years  on  corticosteroids,  the  last  2  1/2  years  on 
the  program  new  for  this  disease,  high-single-dose  alternate-day  prednisone. 
A  second  juvenile  myasthenic  patient  has  also  shown  beneficial   response  for 
28  months,  and  a  third  for  6  months.     This  is  in  contrast  to  the  short  course 
of  ACTH  customarily  given  for  adult  myasthenia  gravis. 

A  new  and  very  successful   treatment  has  been  introduced  for  adult 
myasthenia  gravis,  namely  the  high-single-dose  alternate-dav  prednisone. 
In  7  of  9  patients  thus  far  treated,  this  has  proved  to  be  much  more  effective 
therapy  than  anticholinesterase  drugs   (which  we  prefer  to  discontinue  when 
prednisone  is  begun). 

The  electrophysiologic  studies  of  neuromuscular  transmission  before  and 
during  alternate-day  prednisone  treatment  are  detailed  in  our  Clinical 
Neurophysiology  Project. 

Six  adults  with  myasthenia  gravis  of  varying  severity  and  duration  have 
been  treated  with  long-term,  high-single-dose  alternate-day  oral   prednisone, 
without  simultaneous  use  of  anticholinesterase  inhibitors   (the  usual   thera- 
peutic drug).     Improvement  in  muscle  function  aopeared  24  to  72  hours  after 
initiation  of  therany  and  has  been  maintained  from  5  to  23  months.     The  level 
of  benefit  reached  surpassed  that  previously  reached  with  cholinesterase 
inhibitors  and  proved  more  lasting  than  that  achieved  with  prior  use  of  ACTH. 
Two  severely  involved  myasthenics,  requiring  artificial   breathing  and 
being  virtually  powerless  at  the  initiation  of  therapy,  are  now  being  maintained 
at  a  99%  normal   level   at  15  and  23  months  into  continued  treatment.     Side 
effects  have  been  virtually  absent. 

In  3  patients  initially  treated  with  prednisone  in  conjunction  with 
standard  cholinesterase  inhibitors,  the  results  have  been  less  satisfactory 
or  unsatisfactory.     Two  failed  to  respond,  even  after  eventual  withdrawal   of 
cholinesterase  inhibitors,  and  a  third  has  responded  very  slowly,  permitting 
only  a  slow  decrease  in  cholinesterase  reauirements. 

Through  electrophysiologic  monitoring,  described  in  the  Clinical 
Neurophysiology  Project,  it  has  been  shown  in  acute  studies  that  following 
intravenous  administration  of  hydrocortisone,  improved  synaptic  efficiency  may 
be  detected  within  20  minutes  and  reach  a  peak  in  2  hours  in  2  patients  who 
were  "prednisone-responders".     This  could  not  be  demonstrated  in  the  2 
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patients  who  failed  to  respond  to  prednisone. 

Studies  to  correlate  serial  serum  Cortisol   levels  with  clinical   response 
are  underway.     Animal   studies  on  the  interaction  of  prednisone  and  cholinesterase 
inhibitors  are  in  progress. 

A  patient  with  refractory  myasthenia  gravis  not  on  anticholinesterase 
drugs  and  not  uremic  was  hemodialysed  three  times  without  consistent  benefit, 
contrary  to  two  previous  reports  of  benefit  in  several  patients  viho  were 
concomitantly  on  anticholinesterases  and  one  in  uremia  —  ours  was  the  first 
Clinical   Center  patient  to  undergo  hemodialysis  here. 

Significance  to  Bio-Medical   Research  and  the  Program  of  the  Institute: 
The  response  of  myasthenic  patients  to  alternate-day  prednisone  indicates 
that  much  of  the  abnormality  is  not  irreversible  and  supports  the  idea  that 
improvement  can  result  even  in  the  most  severely  affected  and  advanced  stages 
of  this  disease.     The  demonstrated  benefit  of  alternate-day  prednisone  in 
juvenile  myasthenia  gravis  led  us  to  apply  this  new  program  to  adult  myasthenia 
gravis  patients.     It  has  resulted  in  a  remarkable  new  method  of  treatirent, 
using  a  drug  that  has  been  and  is  still   listed  in  some  sources  as  "contra- 
indicated"  in  myasthenia  gravis.     Advantages  of  this  prednisone  program  in 
the  treatment  of  myasthenia  gravis  include  its  being  a  nonsurgical  means  of 
providing  lasting  improvement  by  an  oral  medication  not  requiring  administration 
at  rigid  intervals  during  the  day,  not  producing  an  initial  drug-induced 
worsening,  allowing  continuous  long-tevm  use,  and  with  its  effect  thought  to 
be  anti -pathogenic  rather  than  anti -symptomatic. 

We  consider  alternate-day  prednisone  the  new  treatment  of  choice  in 
myasthenia  gravis  and  believe  it  offers  the  possibility  of  suppressing  the 
disease  effectively  for  a  sufficiently  long  period  for  it  to  disappear 
completely.     If  this  will   occur,  the  disease  would  be  cured  in  such  a  patient. 

Proposed  Course  of  Project;     The  various  clinical   and  basic  mechanistic 
aspects  of  our  new  alternate-day  prednisone  program  will  be  investigated  more 
extensively. 

Honors  and  Awards:     None 

Publications: 

Warmolts,  J.  R.  and  Engel ,  W.  K.:  Benefit  from  alternate-day  prednisone 
in  myasthenia  gravis.     New  Engl.  J.  Med.  286:  17-20,  1972. 

Engel,  W.  K.  and  Warmolts,  J.  R.:  Myasthenia  gravis:  A  new  hypothesis 
of  the  pathogenesis  and  a  new  from  of  treatment.     Ann.  N.  Y.  Acad.  Sci. 
72-87,  1971. 
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1 .  Medi  cal   TJeurologv  Branch 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual   Project  Renort 
July  1,   1971   through  June  30,  1972 


Project  Title:     Immunological  Abnormalities  of  Neurologic  Diseases 

Previous  Serial   Number:     Same 

Principal   Investigators:     John  N,  Whitaker,  M.n. 

W.   Kinq  Engel,  M.D. 


Other  Investigators; 


Cooperating  Units: 


John  L.  Sever,  M.D. 
Darell  0.  Signer,  M.D. 
Dale  E.  McFarlin,  M.D. 
Warren  Strober,  M.D. 

Perinatal  Research  Branch,  NINDS 
Metabolism  Branch,  NCI 


Man  Years 

Total:  1.4 
Professional:  i.O 
Other:       0.4 

Project  Description: 

Objectives:  To  anply  immunological  techniaues  to  the  study  of  diseases 
affecting  the  central  nervous  svstem  and  neuromuscular  system. 

Methods  Employed:  Various  immunochemical  techniques  were  emnloyed  for 
studying  both  immunoglobulin  and  cellular  aspects  of  altered  immune  states. 

Patient  Material :  Specimens  of  perinheral  blood,  bone  marrow,  muscle, 
peripheral  nerve,  thymus  and  other  tissue  was  obtained  from  patients  with 
neurological  disease  admitted  to  the  Medical  Neurolony  Branch. 

Major  Findings:  The  various  manifestations  o^   the  immunolonic  deficiency 
state  and  other  metabolic  abnormalities  in  ataxia-telanoiectasia,  found  bv  us 
over  the  past  4  years,  have  been  published  in  a  chapter. 

The  presence  of  subacute  sclerosing  panencephalitis  in  only  one  of 
identical  twins  was  documented  and  immunological  aspects  of  both  studied 
(with  PR-CFR).  Two  treatment  attempts  using  transfer  factor  from  the  patient's 
healthy  twin  v/ere  not  successful  (with  PR-CFR,  NCI).  Immunoolobulin  deposits 
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were  found  in  the  blood  vessels  of  muscle  biopsies  of  3  of  9  SSPE  natients, 
suqqestina  circulatinn  complexes  nossiblv  may  olay  a  pathoqenic  role  in  the 
disease.  They  were  not  found  in  muscle  bionsies  of  3  multinle  sclerosis 
natients. 

Specimens  collected  from  every  Medical  Neurol oav  Branch  natient  and  . 
stored  in  the  serum  and  spinal  fluid  bank  have  nroven  to  be  valuable  in  the  \ 
study  of  a  number  of  entities  of  possible  viral  and/or  autoimmune  etiology. 

We  have  reported  a  new  hypothesis  on  a  mechanism  of  muscle  damage  in  the 
polymyositis/dermatomyositis  (Pfl/DM)  complex.  On  the  basis  of  our  reported 
finding  of  deposits  of  immunoglobulin  G,  immunoglobulin  M,  and  Blc  globulin 
(C3),  alone  or  in  combination,  in  skeletal  muscle  blood  vessels  of  15  of  36 
cases  of  PM/DH,  especially  in  childhood  dermatomvositis,  vie   suggest  that 
one  of  the  mechanisms  leading  to  muscle  damage  in  some  natients  with  inflam- 
matory myopathy  may  be  vascular  abnormality  mediated  through  deposits  of 
immunoglobulin  and  C3,  possibly  in  the  form  of  immune  complexes.  This  supports 
our  earlier  hypothesis  that  PM/W  may  be  another  form  of  blood-vessel  abnormality 
of  muscle.  The  immunological  abnormality  could  in  turn  be  caused  by  a  viral 
infection  and/or  an  associated  cancer,  or  the  cancer  and  the  "immuno-myopathy" 
could  both  be  viral -induced.  No  Australian  antigen,  either  circulating  or 
bound  to  blood  vessels  or  muscle  cells,  could  be  identified  in  any  of  our 
PM/DM  patients  (with  CC). 

Serum  immunoglobulin  and  Rir/iA  globulin  levels  have  been  determined  on 
patients  from  the  Medical  Neurology  branch.  Many  patients  with  chronic 
peripheral  neuropathies  have  an  elevated  immunoglobulin  M. 

A  very  interesting  finding  V'/as  that  6  of  7  patients  of  a  family  with 
hereditary  sensory  neuropathy  had  elevated  immunoglobulin  A  in  their  serum. 
Studies  to  determine  the  cause  of  the  increased  levels  of  serum  immunoglobulin 
A  v/ere  done  in  collaboration  with  the  Metabolism  Branch,  NCI.  Three  of  four 
affected  patients  with  hereditary  sensorv  neuropathy  have  elevated  small  bowel 
production  levels  of  immunoglobulin  A.  One  affected  natient  and  tv/o  unaffected 
siblings  had  normal  small  bowel  immunoglobulin  A  production  levels.  Although 
this  finding  does  not  at  the  present  time  explain  the  cause  of  the  neuropathy, 
it  may  add  significant  information  to  understanding  possible  pathogenetic 
mechanisms.  In  these  patients  immunofluorescence  studies  have  also  been  done 
on  the  bov/el  biopsies  and  have  revealed  no  qualitative  or  quantative  differences 
in  the  affected  and  unaffected  patients. 

As  part  of  the  same  study  in  which  immunoolobulin  and  complement  levels    { 
were  studied  in  patients,  irnmunoelectroohoretic  determinations  had  been  done 
on  all  the  patients  admitted  to  the  Medical  Neurology  Branch.  In  one  patient 
with  adult-onset  rod  neuromuscular  disease,  an  unusual  paraproteinemia  was 
found  consisting  of  a  IgH/x  myeloma  protein.  He  appears  to  have  had  a  mono- 
clonal gammopathy  for  over  a  year,  without  detectable  evidence  o^  myeloma. 
The  possible  relationship  between  the  paraprotein  and  the  neuromuscular  disease 
is  being  explored. 
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The  site  of  the  abnormality  in  myasthenia  gravis  is  still  undetermined. 
Evidence  has  accumulated  that  the  neuron  and  nresynantic  mechanisms  may 
underlie  the  myasthenia  qravis  defect.  Because  of  this  the  studies  previously 
done  by  another  worker,  in  which  he  found  antineuronal  binding  of  sera  from 
patients  with  myasthenia  gravis,  were  very  imoortant  but  needed  to  be  confirmed 
and  possibly  extended.  In  an  indirect  immunofluorescent  study  of  15  patients 
with  myasthenia  qravis,  binding  of  antibodies  to  neurons  of  the  IqG,  IqA  and 
IgM  class  v/as  found  only  in  those  patients  who  also  had  antinuclear  antibody  in 
these  classes.  Additionally,  natients  with  systemic  lunus  erythematosus,  who 
did  not  have  myasthenia  qravis  but  who  did  have  antinuclear  factor,  had  the 
same  spectrum  of  staining  patterns.  Therefore,  it  v/ould  seem  that  the  neuronal 
nuclear  bindinq  really  represents  part  of  the  antinuclear  factor  activity 
sometimes  present  in  the  sera  of  patients  with  myasthenia  gravis  and  is  not 
neuronal-specific. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
The  new  possibility  that  immune  complexes  may  be  related  to  the  pathogenesis 
of  at  least  some  cases  of  the  polymyositis/dermatomyositis  complex  may  lead  to 
new  therapeutic  approaches.  The  same  is  true  of  subacute  sclerosing  pan- 
encephalitis. 

Subacute  sclerosing  panencephalitis  (SSPE)  has  come  to  be  considered  an 
effect  o-F  the  measles  virus  -  a  lingerinq  infection  with  a  "slow"  form  of 
virus  or  an  altered  immune  response  to  the  virus,  or  perhaps  both.  These 
concepts  led  to  the  therapeutic  attempts  noted,  which  were  unsuccessful.  Yet 
the  treatment  and  prevention  of  various  chronic  neurologic  diseases  postulated 
to  be  related  to  viruses  may  v/ell  evolve  from  such  theoretically  based  thera- 
peutic trials.  Findinq  an  identical  twin  unaffected  bv  SSPE  but  living  in  the 
same  environment  as  her  severely  affected  sister  indicates  need  for  consideration 
of  additional  factors  predisposing  to  this  disease. 

The  various  immunoglobulin  abnormalities  found  in  a  family  with  hereditary 
sensory  neuropathy  and  in  some  of  our  other  neuromuscular  disease  patients 
provide  insight  into  possible  basic  protein  metabolism  and  immunologic  abnor- 
malities that  may  be  operative  in  the  pathogenesis  of  these  diseases  —  they 
may  also  provide  leads  to  treatment. 

Proposed  Course  of  Project:  Ideally,  the  immunological  defects  in  the 
polymyositis/dermatomyositis  complex,  in  SSPE,  and  in  some  neuropathies  should 
be  elucidated  more  fully  with  the  best  available  immunological  techniques. 
However,  we  do  not  have  a  position  to  use  for  retainina  our  immunologic 
investigator.  Therefore  the  course  of  the  project  is  somewhat  uncertain. 

Honors  and  Awards:  None 

Publications: 

McFarlin,  D.  E.,  Strober,  W.,  Barlow,  H.  H.,  and  Waldmann,  T.  A.: 
Immunological  abnormalities  in  ataxia-telanoiectasia.  Proc.  Ass. 
Res.  Nerv.  Ment.   Pis.   49:   275-^92,  1971. 
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Signer,  D.  D.  and  McFarlin,,  D.  E.:  Neuroloqical  disorders  with  abnormal- 
ities of  imnunoqlobulin  metabolism.  Proc.  Ass.  Res.  Nerv.  Ment.  Pis. 
49:  26n-?74,  1971.  

Whi taker,  J.  N.,  Sever,  J.  L.,  and  Enoel ,  W.  K.:  Subacute  sclerosing 
nanencephalitis  in  onlv  one  of  identical  twins.  M.  Engl.  J.  Med. 
In  press. 
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1.  Medical  Neurology  Branch 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual   Proiect  Report 
July  1,   1971   through  June  30,  1972 


Project  Title:     Electron  Microscopic  Studies  of  Skeletal   Muscle  and  Neurons 
Previous  Serial  Number:     Same 


Principal   Investigators; 
Other  Investigators: 


Cooperating  Units; 


Jerry  R.  Mendel  1,  M.D. 
W.   King  Engel ,  M.D. 

Robert  I.   Roelofs,  M.D. 
William  H.  Olson,  M.D. 
Alan  M.   RanoDort,  M.D. 
Michel   Fardeau,  M.D. 
Mary  Ann  E.  Oberc 
Donald  Bishon 
Guy  G.  Cunningham 

Service  de  Microscopie  Electronigue,  HSpital   de 
la  Salnetrifere,  Paris,  France 


Man  Years 

Total:  3.2 
Professional :  2.0 
Other:       1.2 

Project  Description: 

Objectives:  To  study  the  early  subcellular  changes  of  human  muscle  in 
diseases  that  are  confined  to  muscle  alone,  as  well  as  in  conditions  which 
produce  secondary  alterations  in  muscle,  such  as  denervating  and  metabolic 
diseases.  To  study  subcellular  changes  of  human  neurons  and  peripheral  nerves 
in  certain  diseases. 

Methods  Employed:  A  portion  of  biopsied  muscle  is  placed  in  our  specially- 
designed  clamp  to  maintain  resting  length  and  is  immediately  fixed  in  cold 
buffered  glutaraldehyde  or  osmium  tetroxide  for  eventual  araldite  embedding. 
Other  fixative  combinations,  buffers,  including  cacodylate,  and  various 
electron  microscopic  (EM)  staining  nrocedures  are   used.  Adjacent  bioosy 
material  is  immediately  frozen  for  cryostat  sections  and  incubated  in  various 
histochemical  media,  as  described  in  the  Histochemistry  Project.  Histo- 
chemically  stained  cryostat  sections,  ready  within  half  an  hour  after  the 
biopsy,  are  used  to  determine  which  of  the  biopsies  contain  light  microscopic 
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features  of  special   interest  and  thereby  guide  choosinq  material   appropriate 
for  electron  microscopic  study  and  for  directing  the  search  for  ultras tructural 
abnormalities.     Biopsy  specimens  of  human  nerve  or  brain  tissue  are  fixed  and 
embedded  for  electron  microscopy  and  are  similarly  monitored  by  rapid  enzyme 
histochemistry  of  adjacent  tissue.     Skin  samples  and  cultured  fibroblasts  from 
our  patients  are  sometimes  studied,  as  are  mitochondrial   preps  from  our 
biochemical   studies.     In  the  animal  models  studied  in  parallel   to  the  human 
diseases,  tracer  substances  of  peroxidase,  ferritin,  and  lanthanum  are 
sometimes  used  with  electron  microscopy. 

Patient  Material:     Patients  with  various  myopathies  and  neurogenic 
muscular  weakness  are  the  major  sources  of  material.     When  available,  tissue 
from  asymptomatic  carriers  of  progressive  genetic  myopathies  is  taken  for 
study.     Muscle  biopsies  and  nerve  biopsies  are  the  major  tissues  examined. 
Occasional   brain  biopsies  are  obtained  from  patients  with  certain  forms  of 
progressive  degenerative  disease.     Other  abnormal   tissues  from  neurologic 
patients  are  occasionally  examined,  such  as  skin  and  cultured  fibroblasts. 

Major  Findings:     Details  of  mitochondrial   abnormalities  -  enlargement, 
amorphous  lipid-like  inclusions,  organized  box-car-like  inclusions  between  the 
inner  and  outer  membrane,  and  contorted  cristae  -  have  been  elucidated  in  six 
unusual   kinds  of  muscle  disease.     In  some  cases  these  are  paralleled  by 
biochemically  demonstrated  defects  of  mitochondrial   oxidative  enzyme  activity. 

The  electron  microscopic  details  of  different  muscle  fiber  types  in 
guinea  pig  gastrocnemius  have  been  reported.     In  contrast  to  type  II  fibers, 
type  I  fibers  have  more  mitochondria,  less  sarcoplasmic  reticulum,  darker 
myofibrillar  A  and  I  bands,  and  wider  myofibrillar  Z-discs;  their  post- 
synaptic end-plate  region  is  less  complex. 

Horseradish  peroxidase  was  used  as  a  cytochemical  tracer  to  outline  the 
T-system  of  the  chicken  pectoralis  muscle.     Reported  was  a  new  technique 
developed  whereby  a  high  concentration  of  horseradish  peroxidase  was  presented 
to  a  localized  area  of  skeletal  muscle,  completely  filling  the  T-system  and 
revealing  a  tortous,  complex  laterally-branched  tubular  network  different 
from  that  of  other  vertebrates.     Also  unusual  were  circular  arrays  of  tubules. 
In  the  immediate  subsarcolemmal  area  a  moderately  high  degree  of  micropino- 
cytoxic  activity  was  observed.     This  same  technique  can  be  applied  to  the 
study  of  human  muscle  disease  in  which  there  is  a  proliferation  of  the  tubular 
system,  e.g.,  periodic  paralysis  and  denervation  atrophy. 

Electron  microscopic  studies  of  human  skeletal  muscle  grown  in  tissue 
culture  are  referred  to  in  our  Microbiology  Project. 

The  ultrastructural   details  of  "ragged-red  fibers",  identified  histochem- 
ically  (rich  in  neutral   lipid  and  mitochondrial   oxidative  enzymes)   in  clinically 
normal   skeletal  muscle  as  the  most  common  lesion  in  patients  with  slowly 
progressive  external   ophthalmoplegia,  have  been  reported  -  they  contain 
excessive  amounts  of  lipid  droplets  in  the  sarcoplasm  and  groups  of  abnormal 
mitochondria  within,  which  are  amorphorus  granular  material,  bizzarely 
proliferated  cristae,  and  semi-crystalline  structures.     Muscle  slices  from  4 
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of  5  patients  with  mvopathies  characterized  by  "ragged- red"  muscle  fibers  had 
diminished  oxidation' of  3-^^C-D,L-8-hydroxybutyrate,  i.e.,  3.5  SE  below  the 
mean  for  19  normal  or  disease-control   patients  (4  normals,  4  with  non-neuro- 
muscular  diseases,  11  with  various  myopathies).     In  two  cases,  2-'\-pyruvate 
was  also  oxidized  at  somewhat  low  rates  but  1 ,4-'^C-succinate  oxidation  was 
normal   in  all . 

Electron  micrographs  have  been  made  on  a  number  of  our  other  patients 
to  be  correlated  with  all  our  other  studies. 

We  have  begun  to  seek  and  find  end-plates  in  our  EM  studies  of  human 
muscle. 

The  ultrastructure  of  Rous  sarcoma  virus-induced  brain  tumors  from  dogs 
and  hamsters  has  been  reported.     Their  ultrastructure  and  possible  viral 
particle  content  has  been  compared  with  "spontaneously"  arising  (?  viral) 
brain  tumors  of  humans.     To  date,  no  viral   particles  were  found  in  those 
animals,  but  they  were  seen  when  the  tumors  were  transferred  back  to  avians 
via  extracts   (see  our  Brain  Tumor  Project). 

An  EM  search  for  viral   particles  in  polymyositis  and  other  sporadic 
neuromuscular  diseases  is  being  conducted,  in  an  attemot  to  confirm  one 
report  by  another  group.     To  date,  "myxovirus-like"  structures  have  been 
found  in  some  cases  of  polymyositis. 

Using  an  immunohistochemical   technigue  of  horseradish-conjugated  antibody 
at  the  ultrastructural   level,  the  primary  binding  site  for  the  anti-striated 
muscle  antibody  (present  in  certain  patients  with  myasthenia  gravis)  was 
found  to  be  within  the  I-band,  especially  on  the  membranes  of  the  sarcoplasmic 
reticulum. 

The  simpler  synaptic  structure  of  the  hipoocampus  makes  it  more  suitable 
for  study  of  epileptic  phenomena  than  neocortex.     A  powerful   recurrent 
inhibitory  system  in  the  hippocampus  is  known  to  limit  interictal  epileptic 
discharges  temporally  and  spatially.     The  synaptic  input  on  neuronal   somas 
and  large  dendrites  of  the  CA4  area  of  the  cat  hippocampus,  a  key  region, 
is  being  studied  electron  microscopically  to  provide  a  morphological   basis 
for  structure-function  correlations. 

Significance  to  Bio-Medical   Research  and  the  Program  of  the  Institute: 
Anal ysis  of  the  changes  in  ultrastructure  of  the  neuromuscular  disorders  is 
in  its  childhood.     Identification  of  new  forms  of  disease  still   occur  raoidly 
in  this  stage.     Hov/ever,  one  must  be  careful   not  to  name  a  condition  on  the 
basis  of  limited,  though  careful,  EM  or  histochemical   studies.     Therefore,  a 
broad  experience  with  as  many  well-studied  cases  as  nossible  is  necessary, 
as  is  close  correlation  of  EM  with  histochemistry.     It  appears  that  certain 
morphologic  changes  can  indicate  suspected  metabolic  defects,  as  in  crystalline 
and  other  changes  of  mitochondria.     Certain  other  ultrastructural   changes,  e.g., 
accumulation  of  linid  or  lysomal  glycoqen  in  fibers  provide  clues  as  to  which 
metabolic  pathways  are  likely  to  be  the  site  of  a  presumed  enzyme  defect. 
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These  ultrastructural  changes  will  help  guide  formulation  of  pathogenesis 
and  treatment  of  the  neuromuscular  and  neurologic  disorders.  Experimental 
production  of  identical  defects  provides  a  new  tool  for  analysing  these 
changes.  Similar  expectations  pertain  to  the  other  human  neuromuscular 
disorders  being  studied,  as  v/ell  as  the  neuronal  abnormalities.  Electron 
microscopy  is  also  indispensible  for  the  detailed  morphologic  analysis  of 
topics  listed  under  our  other  projects,  e.g.,  the  viral-etiology  hypothesis 
of  animal  and  human  brain  tumors  and  the  possible  viral  eitology  of 
polymyositis  and  dermatomyositis. 

Proposed  Course  of  Project;  Further  studies  that  combine  histochemical , 
immunologic,  autoradiographic,  viral,  and  tissue  culture  technigues  vn'th 
electron  microscopy  applied  to  human  neuroloaic  diseases  and  animal  models 
have  been  planned,  so  as  to  supplement  the  mornhologic  approach  with  pertinent 
studies  of  cellular  dynamics. 

Honors  and  Awards:  None 

Publications: 

Fardeau,  M. :  Etude  ultras tructurale  des  differents  tyoes  de  fibres 
musculaires  dans  la  musculature  souelettinue  du  cobave.  In  Serratrice, 
G.  and  Roux,  H.  (Eds.):  Advances  in  Neuromuscular  Diseases,  Proc.  of 
lies  Journges  Internationales  de  Marseille,  Oct.  1970,  Paris,  L' Expansion 
Scientifique  Francaise,  1971,  pp.  126-139. 

Mendel! ,  J.  R.:  Unusual  feature  of  the  T-system  of  the  pectoralis  muscle 
of  the  chicken.  J.  Ultrastruct.  Res.  37:  3B3-387,  1971. 

Olson,  W.,  Engel ,  W.  K.,  Vialsh,  G.  0.,  and  Einaugler,  R.:  Oculocraniosomatic 
neuromuscular  disease  with  "ragged-red"  fibers.  Arch.  Neurol.  26:  193-211, 
1972. 

Mendel! ,  J.  R.,  Whitaker,  .1.  N.,  and  Engel,  W.  K.:  The  skeletal  muscle 
binding  site  of  anti-striated  muscle  antibody:  An  ultrastructural  study 
using  peroxidase  conjugated  antibody.  J.  Neuropathol .  Exp.  Neurol. 
In  press. 
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1.  Medical  Neurology  Branch 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 


PnS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  Radioautography  Applied  to  the  Study  of 
Neurologic  Disease 

Previous  Serial  Number:  Same 

Principal  Investigator:  W.  King  Engel ,  M.D. 

Other  Investigators:  None 

Cooperating  Units:  None 

Man  Years 

Total:  0.0 
Professional:  0.0 
Other        0.0 

Project  Description: 

Objectives:  To  apply  radioautographic  techniques  to  study  the  normal 
neuron  and  muscle  cell  metabolism. 

Methods  Employed:  Standard  radioautographic  methods  are  used. 

Patient  Material :  Patient  material  has  not  yet  been  utilized. 

Major  Findings:  None.  This  project  was  dormant  last  year  due  to 
lack  of  personnel . 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
Not  applicable. 

Proposed  Course  of  Project:  We  hope  to  obtain  a  co-principal  investigator 
to  reactivate  this  project  this  year.  We  also  need  a  technician  and  proper 
laboratory  space.  We  contemplated  studying  DNA  metabolism  of  the  brain  and 
its  modification  by  various  agents. 

Honors  and  Awards:  None 

Publications:  None 
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PHS-NIH 
Individual   Project  Report 
July  1,  1971    through  June  30,  1972 


Project  Title:     Brain  Tumor 

Previous  Serial   Number:     Same 

Principal   Investigators:     Darell   D.  Bigner,  M.D. 

John  P.   Kvedar,  A.B. 


Other  Investigators: 


Cooperating  Units: 


W.  King  Enael ,  M.D. 
Nicholas  A.  Vick,  M.D. 

W.  Ray  Bryan,  Ph.D. 
Milton  W.  Brightman,  Ph.D. 
Thomas  S.  Reese,  M.D. 

Viral  Oncology  Branch,  NCI 
Duke  University  School  of  Medicine, 
Department  of  Neurology,  Durham,  N.C. 
Laboratory  of  Neuropathology  and  Neuro- 
anatomical  Sciences,  NINDS 


Man  Years 


Total : 

Professional : 
Other: 


1.4 
1.2 

0.2 


Project  Description: 

Objectives:     (1)  To  develop  a  brain  tumor  animal  model   in  which  to  study 
the  pathogenesis  and  better  methods  of  diagnosis  of  brain  tumors;   (2)  to 
develop  the  most  sensitive  animal   system  in  which  to  attemot  recovery  of 
oncogenic  viruses  from  human  brain  tumors;  (3)  to  imnrove  methods  of  virus 
extraction  from  SR-Rous  sarcoma  virus   (SR-RSV)  tumors;  and  (4)  to  develop  new 
methods  of  treating  brain  tumors. 

Methods  Employed:     (a)  Assay  of  SR-RSV,  an  RNA  tumor-inducing  virus,  on 
the  chorioallantoic  membrane  of  chicken  eggs;   (b)   orenaration  of  high-ootencv, 
bacterial -free  suspensions  of  SP-RSV  by  a  new  combination  of  buffer  systems, 
differential   centrifugation,  and  membrane  filtration;   (c)   induction  of  brain 
tumors  in  young  dogs  or  hamsters  by  injecting  the  high-potency  susoensions  of 
SR-RSV;   (d)  measurement  of  antibody  responses  in  tumor-bearing  dogs,  demonstra- 
tion of  SR-RSV  antigen  in  the  induced  brain  tumors;   (e)  recovery  of  SP-RSV 
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from  the  tumors  In  chick  embryo  fibroblast  tissue  culture,  in  chicken,  or  in 
Jananese  quail;  (f)  measurement  of  the  effect  of  various  drugs  on  reducing  the 
amount  of  SR-RSV  necessary  from  brain  tumor  induction;  (g)  morphologic  study 
v/ith  histochemical ,  electron  microsconic,  liqht  microscopic,  and  immuno- 
fluorescent  techniaues,  seekino  (1)  viral  particles  and  (2)  details  of  the 
morphologic  changes  of  the  neoplastic  cells;  (h)  brain  scanning  of  tumor-bearing 
animals  with  various  isotopes. 

Patient  Material :  None 

Major  Findings:  An  improved  method  of  concentrating  and  purifying 
Schmidt-Runpln  Rous  avian  sarcoma  virus  (SR-RSV)  yielded,  4  v/eeks  after 
intracerebral  inoculation  into  newborn  doqs  and  hamsters,  96%  survivor 
incidence  and  100%  brain  tumor  incidence  in  survivors,  compared  to  49%  and 
86%  respectively  with  nrevious  methods.  A  guantitative  dose- response 
relationship  was  demonstrated.  The  tumors  v/ere  sarcomas  and  gliomas 
(spongioblastomas,  astrocytomas,  and  enendymomas)  with  varying  degrees  of 
anaolasia.  No  evidence  of  virus  was  found  in  doq  brain  tumors  with  electron 
microscopy  or  immunologic  methods,  but  the  SR-RSV  genome  was  detected  by 
inoculating  whole  cell  suspension  of  doa  and  hamster  brain  sarcomas  and 
gliomas  back  into  avian  hosts,  wherein  typical  Rous  sarcomas  containing  C-type 
viral  particles,  group  specific  viral  antigens,  and  infectious  RSV  were 
induced.  The  ultrastructural  details  of  cell  types  composing  15  of  these 
brain  tumors  have  revealed  that:  (a)  the  mesenchymal  and  neuroectodermal  tumor 
cell  tyoes  can  be  clearly  differentiated,  confirminq  previous  light  microscopic 
studies,  (b)  the  glial  tumors  studied  can  clearly  be  classified  as  spongio- 
blastomas, fibrillary  astrocytomas  and  anaplastic  mixed  gliomas,  (c)  there  is 
a  continuum  of  cytological  differentiation  sugoestinq  continued  cellular 
development  along  normal  lines  despite  concomitant  neoplastic  transformation, 
(d)  spread  of  the  tumors  to  adjacent  brain  tissue  occurs  frequently  bv  means 
of  dissection  of  the  capillary  basement  membrane  into  two  components,  with 
the  neoplastic  cells  occupying  an  (abnormal)  perivascular  space,  (e)  abnor- 
malities of  the  microvasculature  can  be  correlated  with  degree  of  tumor 
anaplasia  with  fenestrated  capillaries  being  present  in  the  most  anaplastic 
of  the  sarcomas,  (f)  it  has  not  yet  been  possible  to  correlate  abnormalities 
of  the  microvasculature  with  regional  oermeabilitv  of  the  tumors  to  Evans 
Blue,  and  the  relevance  of  the  structural  abnormalities  of  the  microvasculature 
to  alterations  of  brain-barrier  systems  is  not  yet  clear,  (g)  the  virus  could 
not  be  detected  morphologically  in  these  tumors;  correlative  virological  and 
immunological  studies  (to  be  reported  separately)  indicate  that  both  infectivity 
and  the  viral  group  specific  antigen  are  also  absent  in  the  dog  brain  tumors. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
These  induced  brain  tumors  are  an  especially  suitable  system  in  which  to  study 
mechanisms  that  allow  malignant  transformation  of  glial  and  mesodermal  brain 
cells  by  RNA-C-type  viruses  v/ithout  detectable  evidence  of  viral  replication, 
as  is  likely  to  be  occurrino  in  at  least  some  spontaneous  human  brain  tumors. 
This  system  will  serve  as  a  guide  to  isolation  of  viruses  causing  human  brain 
tumors.  The  reproducibility  and  raniditv  of  experimental  tumor  induction. 
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type  of  blood  simnly,  and  histoloqic  similaritv  of  the  exnerimental   aliomas  to 
spontaneous  human  gliomas  make  these  SP-RSV-induced  animal   brain  tumors  ideal 
for  morphologic,  chemotheraneutic  and  brain-scanning  studies.     They  have  feeen 
used  to  study  (with  LNNS,   IR)  the  blood-brain-barrier  channes  in  tumors, 
combining  tracer  substances  v/ith  electron  microscopy. 

Perhaps  the  most  imnortant  implication  is  the  fact  that  virally  induced 
brain  tumors  that  have  no  evidence  of  viral  particles  or  viral  antigens,  but 
which  do  contain  viral  genetic  material,  are  avilable  for  studv,  since  these 
same  conditions  may  be  operative  in  spontaneous  human  brain  tumors. 

Proposed  Course  of  Project:     Ideally  the  oro.iect  should  be  continued  in 
several   directions.     First,  the  technology  of  concentrating  SR-RSV  should  be 
extended  to  extraction  of  snontanoous  human  brain  tumors  for  inoculation  of 
animals  to  try  to  demonstrate  the  viral   eitologv  of  human  tumors.     In  addition^ 
the  basic  cellular  mechanisms  that  allow  malignant  transformation  of  cells 
with  our  detectable  evidence  of  viral   antigens  or  mature  virus  should  be 
studied  and  applied  to  the  human  situation.     Also,  the  ability  to  induce  large 
brain  tumors   in  large  and  small   animals  should  be  exploited  for  evaluatina 
chemotherapeutic  agents  and  better  diagnostic  methods,  such  as  brain 
scanning. 

However,  since  neither  positions  nor  space  has  been  granted  for 
this  project,  it  must  be  discontinued. 

Honors  and  Awards:     None 

Publications: 

Vick,  N.  A.,  Bigner,   D.   D,,   and  Kvedar,  J,   P.:  The  fine  structure  of 
canine  gliomas  and  intracranial  sarcomas  induced  bv  the  Schmidt-Ruppin 
strain  of  the  Rous  sarcoma  virus.     J.   Neuropathol.   Exp.   Neurol.   30:   354- 
367,  1971.  ■ 

Brightman,  M.  W.,   Reese,  T.  S.,  Vick,  N,  A.,  and  Biqner,  D.   D.: 
A  mechanism  underlying  the  lack  of  a  blood-brain-barrier  to  peroxidase 
in  virally  induced  brain  tumors.     Jo   Neuropathol.   Exp.  Neurol.   30:  139- 
140,  1971.  "        ~  ~~~~ 

Signer,  D.  D.,  Vick,  N.  A.,   Kvedar,  J.   P.,  and  Engel ,  W.   K.:  Correlated 
virological   and  ultrastructural   studv  of  Schmidt-Ruppin  Rous  sarcoma 
virus- induced  dog  brain  tumors.     J.  Neuropathol.   Exp.  Neurol.   30:   122- 
123,  1971.  " 
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PHS-NIH 
Individual  Project  Report 
July  1,   1971   through  June  30,  1972 

Project  Title:     Electrophysiology  Applied  to  the  Study  of  Neurologic 
Disease 

Previous  Serial   Number:     Same 

Principal   Invesitgator:     John  R.  Warmolts,  M.D. 

Other  Investigators:  W.   King  Engel ,  M.H. 

Dennis  L.  Martin,  M.D. 

Cooperating  Units:  None 

Man  Years 

Total:  0.8 

Professional:    0.8 
Other:  0.0 

Project  Description: 

Objectives:     (1)  To  develop  more  precise  methods  of  electromyography  (EMG) 
recording  and  anlaysis;   (2)   to  establish  better  EMR  indices  of  early  myopathic 
or  neuropathic  involvement;   (3)  to  improve  the  value  of  the  EMR  in  distinguish- 
ing the  neural  or  myopathic  basis  of  atypical   disorders;   (4)  to  investigate 
mechanisms  regulating  motor  unit  recruitment  in  normal   subjects  and  those  with 
neuromuscular  disorders;   (5)   to  correlate  the  electrical   behavior  of  motor 
units  with  their  histochemically  defined  properties;   (6)   to  use  clinical 
electrophysiologic  parameters  to  evaluate  course  of  disease  and  response  to 
treatment. 

Methods  Employed:     Recordings  are  made  in  humans  using  the  Teca-Medelec 
electrophysiologic  system.     Permanent  data  are  stored  by  high-speed  magnetic 
tape  recording  and  photographic  recording.     Correlation  studies  are  directed 
toward  the  (a)  recruitment  threshold,   (b)   rank  order  of  recruitment,   (c) 
preferential  stable  discharge  freauency,   (d)  relative  rhythmicity,   (e)  amplitude, 
(f)   duration,  and  (g)  configuration  of  EMG  recorded  individual  motor  unit 
action  potentials  in  human  subjects  with  a  variety  of  neuropathic  and  myopathic 
conditions,  and  in  subjects  without  definable  neuromuscular  disease. 

A  variety  of  parameters  of  neuromuscular  transmission  are  repeatedly 
evaluated  in  individual  myasthenia  gravis  patients  before  and  during  treatment. 
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Partial  curarization  of  subjects  with  various  fatigue  states  have  been  performed 
with  attention  directed  nrimarilv  to  the  behavior  of  sinnle  motor  units. 

Patient  Material :  Patients  with  a  varietv  of  neuromuscular  disorders  and 
without  definable  neuromuscular  disease  are   from  the  Medical  Neurology  Branch 
and  the  neurologic  consultation  service  v;e  provide  throughout  the  Clinical 
Center. 

Major  Findings:  Five  new  aspects  of  clinical  electromvonraphy  (EMG)  have 
been  developed  and  reported,  facilitated  bv  high-sneed  tane  recording:  (a)  A 
new  descriptive  term  for  the  pattern  of  short  duration,  small  amplitude, 
excessively  abundant  potentials  for  a  given  amount  of  voluntary  effort,  viz., 
"SSAP",  was  introduced  to  reolace  the  generally  used  term  "myopathic",  a 
designation  which  vie   consider  to  be  misleading  at  times,  lie  consider  SSAPs 
just  as  likely  to  be  due  to  neuronal  disease  as  to  myopathic  disease,  (b)  The 
new  technique  of  "Open  Biopsy  Electromyography"  was  introduced  to  provide 
tight  correlation  of  electronhysiologv  done  bv  E^f;  recordinq  of  the  same  muscle 
fibers  excised  immediately  after  recording  and  studied  histochemically. 
(c)  Using  this  techni-que  in  patients  with  biopsies  showing  predominance  of 
either  type  I  or  type  II  muscle  fibers,  we  have  identified  the  different 
physiological  properties  of  these  two  human  motor  unit  tvnes.  Type  I  motor 
units  fire  with  mild  initial  effort  and  discharge  more  regularly  and  more 
continuously,  while  type  II  units  fire  only  irreaularly  in  unsustained  bursts 
and  only  when  more  vigorous  contraction  is  exerted,  (d)  The  electromyographic 
patterns  of  selective  type  II  and  type  I  muscle  fiber  atrophy  in  humans  have 
been  identified,  and  an  hypothesis  developed  that  relates  the  electrical  data 
to  the  neurogenic  origin  we  propose  for  these  atrophies,  (e)  Mornholoqic 
confirmation  of  motor  end-plates  as  the  signal  source  for  "end-plate  noise" 
has  been  achieved  in  human  limb  muscle  through  open-bionsy  EMG. 

A  fixed  order  of  recruitment  of  motor  unit  action  potentials  (MUAPs) 
from  motor  units  during  sustained  isometric  limb  contractions  has  been 
reported  in  both  proximal  and  distal,  unner  and  lower  limb  muscles  that  is 
dependent  unon  the  strength  of  voluntary  contraction.  Succeedino  MUAPs 
appearing  on  graduated  isometric  contraction  demonstrate  respectively 
increasing  amplitude  and  duration.  Variations  from  this  occur  when  action 
potentials  of  different  motor  units  are  of  verv  near  size  and  threshold. 
Mo  difference  in  stable  discharge  rhythmicity  has  been  correlated  with  order 
of  recruitment  or  size  among  the  first  several  motor  unit  potentials 
recruited  at  any  one  recordinn  point  in  muscle.  Continuing  observations  are 
being  made  on  this  topic. 

On  the  basis  of  correlated  electromyographic  and  histochemical  study  of 
certain  diseases  and  in  comparison  to  theoretical  possibilities,  it  is 
proposed  that  what  is  currently  termed  a  "myopathic"  electromyogram  (EMG)  might 
in  several  instances  be  caused  by  abnormality  of  the  lower  motor  neuron  or  its 
axonal  branches,  and  thus  it  would  actually  be  "pseudomyooathic".  Examples 
are  myasthenia  gravis,  central  core  disease,  and  myotonic  atrophy  (formerly 
called  myotonic  dystrophy). 
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Using  a  micromarkinq  technique  adaoted  for  open  biopsy  electromyography, 
we  have  verified  in  human  limb  muscle  that  motor  end-plates  are  the  signal 
source  for  what  has  been  postulated  to  "end-plate  noise" ,  through  the  use  of 
cholinesterase  staining  of  structures  marked  after  their  emanating  "end-plate 
noise"  was  recorded.     Studies  of  microscopic  morphology  as  correlated  with 
cholinesterase-staining,  histochemical   fiber  type,  nerve  terminal   proliferation 
as  demonstrated  by  axon  silver  stainina,  and  behavior  of  miniature  end-plate 
potential   activity  in  resoonse  to  pharmacologic  agents  is  being  extended  to 
neuropathies  and  myonathies. 

It  was  reported  that  detailed  and  repeated  electroohysiologic  measurements 
on  myasthenic  patients  treated  with  our  newly- introduced  proaram  of  long-te»"m 
high-single-dose  alternate-day  prednisone  clearlv  documented  both  a  48  hour 
cyclic  and  more  sustained  cumulative  benefit  of  prednisone  on  muscle  strength 
and  endurance.     In  one  patient  the  improvement  in  adductor  pollicis  action 
potential   response  to  repetitive  nerve  stimulation  during  the  evening  of 
on-orednisone  days,  as  compared  with  off-orednisone  davs,  indicated  that 
maximal  benefit  occurred  durinn  the  prednisone  dav.     In  another  natient, 
comparison  of  the  amplitudes  of  the  2  orbicularis  oris  responses  to  twin 
shocks  delivered  to  the  facial   nerve  at  intervals  of  from  10  msec  to  1,000 
msec,  demonstrated  increased  synaotic  efficiency  at  each  inter-shock  interval 
during  the  evening  of  the  prednisone- treatment  day  as  compared  to  that 
morning  before  receiving  prednisone.     Both  effects  were  best  demonstrated 
during  the  initial   days  of  treatment  of  a  third  patient.     Lessening  fall-off 
of  amplitude  of  abductor  digiti  nuinti   response  to  twin  ulnar  nerve  supra- 
maximal  shocks  300  msec  apart  showed  that  imnroved  neuromuscular  synaptic 
efficiency  could  be  detected  within  several   hours  of  the  100  mg  oral   prednisone 
dose,  reached  its  peak  at  around  12  hours  after  the  dose,  and  then  ebbed  to  a 
level   of  overall   improved  function  until   a  succeeding  48  hour  cycle  of 
improvement  follov/ed  the  next  prednisone  dose.     The  electrical   improvement 
correlated  directly  with  improved  clinical   strength  in  this  and  other  involved 
muscles.     This  48  hour  cycle,  being  in  phase  with  prednisone  administration 
but  not  with  any  other  medication  or  environmental   variable,  is  convincing 
evidence  that  prednisone  therapy  is   responsible  for  improvement.     During  the 
early  stage  of  treatment,  strength  in  involved  muscles  during  both  the  "peak" 
and  "ebb"  phases  of  each  48  hour  cvcle  was  greater  than  during  the  preceding 
48  hour  cycle,  resulting  in  a  continued  net  improvement.     Later  the  rate  of 
improvement  was  more  gradual.     (Publications  recorded  under  our  Myasthenia 
Gravis  Project). 

Electrophysiologic  studies,  combined  with  histochemical   and  clinical 
studies,  also  allowed  theoretical  formulation  of  the  basis  of  the  clinical 
improvement  in  myasthenia  gravis  with  high-single-dose  alternate-day  prednisone, 
as  follows:     rapid  improvement  may  represent  correction  of  a  defect  in  neuronal 
axonlasmic  flow,  which  might  initially  improve  the  defect  of  motor  nerve 
endinq  excitatory  function.     Intermediate  improvement  may  reflect  phvsical 
repair  of  nerve  endings  and  the  post-synantic  region  of  the  myofiber.     Later 
improvement  may  be  based  on  return  toward  normal   of  atrophied  myofibers. 
(Publications  recorded  under  our  Myasthenia  Gravis  Project). 
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In  an  increasinq  number  of  chronic  neuronathies  studied,  action  potentials 
of  greatly  enlarged  size,  but  not  increased  firing  frenuencv  or  altered 
rhythmicity  may  be  the  first  recruited,  to  be  followed  by  recruitment  of 
action  potentials  of  successively  greater  size.     Whether  this   (a)  is  due  to 
retention  of  the  inherent  soma-dendritic  properties  that  determine  recruitment 
order,  despite  reorganization  of  the  peripheral   parts  of  the  motor  unit,   (b) 
represents  loss  of  reorganization  of  the  peripheral   parts  of  the  motor  unit,  or     i 
(c)   represents  loss  of  presumably  smaller  motor  units,  is  being  analysed.     Simila»^ 
studies  are  being  extended  to  myopathies. 

Normal   standards  for  voluntary  action  potentials  and  nerve  conduction 
studies  for  this   laboratory  are  being  collected. 

Significance  to  Bio-Medical   Research  and  the  Program  of  the  Institute: 
Treatment  of  human  neuromuscular  diseases  is  based  on  precise  diagnosis  and  j 

understanding  of  the  pathophysiology.     As  a  group,  human  diseases  of  the  I 

lower  motor  neurons   (including  peripheral   neuropathies)  and  muscle  are  just 
beginning  to  have  their  pathophysiology  partly  understood.     The  detailed  ! 

neurophysiologic  techniques  herein  described  are  leadina  to  more  precise 
delineation  of  these  diseases,  and  in  some  instances  causing  us  to  completely  | 

change  our  concents  of  their  pathogenesis. 

We  are  also  now  learning  about  different  physiological   oroperties  of  the 
various  types  of  human  motor  units.     These  are  being  correlated  with  histo- 
hemical   studies  and  compared  with  analysis  of  motor  unit  types  in  the  cat, 
using  techniques  that  are  not  possible  in  humans   (see  our  Histochemistry 
Project). 

The  use  of  electrophysiologic  criteria  to  support  clinical   observations 
of  evaluating  our  new  program  of  long-term  high-si ngle-dose  alternate-day 
prednisone  in  myasthenia  nravis  has  been  extremely  useful   in  our  concluding, 
tentatively,  because  of  our  limited  number  of  cases  to  date,  that  this  now 
seems  to  be  the  best  treatment  available  in  myasthenia. 

Proposed  Course  of  Project:       This  project  will  be  continued  and  elaborated 
upon,  e.g.,  with  even  more  detailed  correlation  betv/een  EMH  and  histochemistry 
in  various  patients  and  further  studies  in  myasthenia  gravis. 

Honors  and  Awards:     None 

Publications: 

Warmolts,  J.   R.   and  Engel ,  W.   K.:   Correlation  of  motor-unit  behavior 
with  histochemical  myofiber  tvne  by  onen-biopsv  electromyography. 
Trans.  Amer.  Neurol.  Ass.     96:   29-33,  1971. 

Warmolts,  J.   R.   and  Engel,  W.   K.:   Correlation  of  motor  unit  behavior 
with  histochemical   and  mvofiber  type  in  humansbv  onen-bionsv  electro- 
myography.    In  Desmedt,  J.   (ed.).  New  Developments   in  Electromyography 
and  Clinical   Neurophysiology,  Basel,  Switzerland,  S.  Jarger,  A.  G.       ^ 
In  press.  ^ 
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1 .  Med i cal  Neurol oqy  Branch 

2.  Applied  Pharmacoloqy 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual   Project  Report 
July  1,  1971   through  June  30,  1972 

Project  Title:     Electromechanical   Coupling  in  Muscle  and  Drug  Activity 

Previous  Serial   Number:     Same 

Principal   Investigator:     Richard  L.   Irwin,  Ph.D. 

Other  Investigators:  Katherine  L.  Oliver,  B.S. 

Cooperating  Units:  None 

Man  Years 

Total:  0.1 
Professional:  0.1 
Other:       0.0 

Project  Description: 

Objectives:  The  senuential  pattern  of  physioloaical  events  which  develop 
in  skeletal  muscle  starting  with  excitation  and  ending  in  relaxation  has  not 
been  adequately  defined.  The  molecular  interactions  that  link  excitation  to 
contraction  in  the  physiological  state  are  largely  unknown.  Not  much  knowledge 
has  accumulated  about  the  molecular  changes  involved  in  the  uncoupling  of 
contraction  from  excitation  which  permits  relaxation.  The  objective  was  to 
establish  an  ionic  basis  for  initiation,  maintenance  and  subsequent  loss  of 
tension  in  slow-tyoe  skeletal  and  in  smooth  muscle.  An  additional  objective 
was  to  relate  the  ionic  events  to  electrical,  mechanical  and  metabolic  activity 
and  to  determine  how  these  parameters  were  related  to  drug  action. 

Methods  Employed:  The  coupling  and  uncoupling  processes  between  the 
tension-relaxation  cycle  and  the  related  ionic  events  are  investigated  in 
smooth  muscle  and  in  slow-tyne  skeletal  muscle.  Slow  skeletal  muscle  has  now 
been  found  to  occur  in  many  mammalian  species  and  smooth  muscle  occurs  in  all 
mammals.  Since  classical  electroohysiological  and  mechanical  methods  have 
failed  to  exolain  the  coupling  process  ion  substitution  methods  have  been 
developed  and  used.  Sucrose  gap  techniques  have  been  modified  and  used  for 
monitoring  membrane  potential  changes.  Ion  contents  are  measured  by  atomic 
absorption  spectrophotometry.  Dimonovalent  di-buffer  amines  have  been 
developed  and  used  as  monovalent,  nonpenetrant,  and  electrical  charge  substi- 
tutes for  Na+  and  Cl~. 
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Major  Findings:  Examination  of  ion  content  data  gathered  under  conditions 
of  Ca"'"+  lack  has  verified  that  increased  ria"*"  entry  in  slow  skeletal  relates  to 
the  development  of  contracture  tension.  This  verification  is  in  accordance 
with  the  concept  that  in  this  type  of  muscle  a  Ma"*"  transport  system  functions 
to  maintain  the  integrity  of  muscle  function.  Similar  conditions  are  probably 
existent  in  smooth  muscle  but  more  ranid  inn  transport  kinetics  have  precluded 
definitions. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
This  project  furnishes  new  data  of  a  basic  nature  that  relates  to  muscle 
function  and  malfunction.  Knowledge  about  smooth  muscle  mav  help  explain  how 
vascular  smooth  muscle  is  involved  in  stroke  mechanisms  or  the  etiology  of 
Duchenne  dystrophy. 

Proposed  Course  of  Project:  This  project  should  continue  as  long  as  it 
yields  new  knowledge  about  tissue  systems  where  disease  processes  occur  that 
are  not  fully  understood,  flew  test  systems  using  vascular  smooth  muscle  can 
be  develooed.  These  could  be  particularly  relevant  to  determining  v/hether 
vascular  smooth  muscle  malfunction  relates  to  the  onset  or  course  of  strokes. 

Honors  and  Awards:  None 

Publications:  None 
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Individual   Project  Report 
July  1,  1971   through  June  30,  1972 

Project  Title:     Mechanical   Properties  of  Muscle  In  Relation  to  Drug  Action 

Previous  Serial   Number;     Same 

Principal   Investigator:     Jay  B,  Wells,  Ph.D. 

Other  Investigators:  None 

Cooperating  Units:        None 

Man  Years 

Total:  0,3 

Professional:     0.3 
Other:  0.0 

Project  Description: 

Objectives:     (1)  General  -  The  approach  employed  here  to  characterize 
activenfnuscle  mechanically  is  one  of  systems  analysis  and  analog  modeling, 
(2)  Specific  -  An  electromechanical  apparatus,  outlined  in  a  previous  report 
(1970-1971),  applies  raoid  mechanical   perturbations  to  active  frog  muscle  and 
the  observed  responses  are  analyzed  and  interpreted  in  terms  of  current 
mechanical  models  of  skeletal  muscle. 

Methods  Employed:     Quick  releases,  variable  in  amplitude  and  disolacement 
rate,  of  fully  stimulated  muscles  evoke  responses  from  which  characterization 
of  the  dynamic  elasticity  of  the  muscle  is  possible. 

Major  Findings:     Considerable  time  was  given  to  apparatus  evaluation, 
especially  with  regard  to  its  dynamic  performance  as  well   as  to  the  isolated 
muscle  with  respect  to  temperature  and  stimulating  electrode  geometry.     One 
new  result  from  the  pr'^liminary  observations  indicates  that  the  contractile 
response  to  quick-release  Is  delayed  until   the  disturbance,  which  was  applied 
to  one  end,  had  traversed  the  entire  muscle.     Thus,  the  conduction  time  for 
mechanical  events  which  occur  within  the  muscle  have  been  clearly  separated 
from  the  total  mechanical   latent  period  and  can  be  quantified.     Also  preliminary 
results  have  indicated  that  past  experiments  have  underestimated  the  undamped 
dynamic  elasticity  of  active  muscle.     The  current  effort  is  to  establish  a 
more  accurate  description  of  this  elastic  property. 
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Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
The  mechanical  characteristics  and  contractile  properties  of  active  muscle 
serve  as  one  standard  for  evaluation  of  the  effects  of  disease,  environment, 
drugs,  etc.,  on  contractile  responses.  The  capability  of  estimating  the 
normal  time  course  of  the  biochemical  and  bioohysical  responses  following 
muscle  stimulation  is  of  particular  interest  in  metabolically  abnormal  muscle 
or  in  studies  of  drug  action  mechanisms. 

Proposed  Course  of  Project:  A  continuation  of  the  project  will  aim  at 
quantification  of  the  responses  outlined  above  and  their  interpretation  in 
terms  of  the  several  proposed  models  of  muscular  contraction. 

Honors  and  Awards:  None 

Publications:  None 
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Individual   Project  Report 
July  1,  1971   through  June  30,  1972 

Project  Title:     Functional   Activity  and  Mechanical   Properties  of  Striated 
Muscle 

Previous  Serial   Nimber:     Same 

Principal  Investigator:     Jay  B.  Wells,  Ph.D. 

Other  Investigators:  Lloyd  Guth,  M.D. 

Cooperating  Units:  Laboratory  of  Neuropathology  and  Neuroanatomical 

Sciences,  NINDS 

Man  Years 

Total:  0.7 
Professional:  0.7 
Other:       0,0 

Project  Description: 

Objectives:  (1)  General  -  The  investigation  of  adaptive  and  trophic 
mechanisms  in  living  striated  muscle  is  approached  in  this  effort  through 
analysis  of  the  mechanical  properties  and  responses  of  the  active  muscle. 
Thus,  contractile  measurements  which  are  produced  from  the  various  mammalian 
species  available,  are  expected  to  reflect  such  trophic  and  adaptive  mechanisms 
thought  to  underlie  the  rather  wide  spectrum  of  contractile  responses  observed. 
The  investigative  time  was  divided  between  a  specific  cooperative  effort  with 
the  Laboratory  of  Neuropathology  and  Neuroanatomical  Sciences,  which  required 
about  70%  of  the  total  project  time  with  the  remainder  allotted  to  continuation 
of  previous  objectives.  (2)  Specific  -  The  cooperative  investigation  was 
concerned  with  the  adaptive  responses  of  rat  slow-twitch  limb  muscles  to 
inactivation  of  its  antagonists.  The  histochemical  and  contractile  properties 
were  examined  simutaneously  in  the  appropriate  muscle  and  its  contralateral 
homolog. 

The  on-going  portion  of  the  project  was  concerned  with  the  need  for 
standardization  of  basic  contractile  data  produced  in  this  laboratory  such  as 
intrinsic  muscle  strength  and  contractile  speed.  Such  normalization  permits 
expression  of  muscle  strength  (tension)  based  on  the  amount  of  parallel 
contractile  material  and  expression  of  speed  based  on  muscle  fiber  length  or 
sarcomere  length.  Thus,  necessary  comparisons  may  be  validly  made  between 
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the  large  variety  of  different  muscles  and  preparations  employed  in  studies  of 
contractile  mechanisms.  Toward  this  goal,  anatomical  measurements  of  dissected 
whole  muscle  fibers  have  been  made  for  several  limb  muscles  in  a  few  mammalian 
species  commonly  used  in  the  laboratory. 

Methods  Employed:  The  initial  surqical  preparation  used  in  the  cooperative 
study  was  made  in  the  Section  on  Trophic  Nerve  Function^  Laboratory  of  Neuro- 
pathology and  Neuroanatomical  Sciences.  Four  to  eight  months  prior  to  con- 
tractile measurements  the  left  peroneal  nerve  in  adult  female  rats  was  severed 
and  the  proximal  stump  inserted  into  normal  thigh  muscles  to  prevent  reinnerva- 
tion.  Contractile  responses  from  in  situ  soleus  muscles  were  recorded  in  this 
laboratory  from  operated  and  nonoperated  sides  under  isometric  and  isotonic 
conditions.  Immediately  after  mechanical  recording  frozen  sections  of  the 
muscle  were  incubated  for  actomyosin  ATPase  activitv. 

The  muscles  concerned  with  normalization  of  contractile  data  were  fixed 
at  optimal  physiological  lengths  after  appropriate  contractile  measurements 
had  been  completed.  Fascial  and  interfiber  connective  tissue  was  digested 
prior  to  microscopic  dissection  and  geometric  measurements. 

Major  Findings:  Inactivation  of  muscles  antagonistic  to  soleus  muscle 
increased  the  proportion  of  soleus  fibers  which  stained  intensely  by  the 
actomyosin  ATPase  procedure  when  compared  with  either  contralateral  soleus 
or  corresponding  muscles  from  unoperated  animals.  The  mechanical  changes 
associated  with  this  change  in  fiber  composition  were  1)  increased  velocity 
of  shortening,  2)  increased  rate  of  tension  development  and  3)  decreased  tv/itch 
contraction  time.  Also,  the  intrinsic  strength  of  the  contractile  material, 
as  judged  by  tension  production  per  unit  cross-section  of  area,  appeared  to  be 
decreased  by  this  procedure. 

Measurement  of  muscle  fiber  dimensions  for  normalization  of  contractile 
data  as  v/ell  as  evaluation  of  contractile  responses  are  currently  in  progress. 
One  preliminary  observation  indicates  that  certain  fast  muscles,  observed  in 
cats  only,  are  composed  of  fibers  with  peculiar  geometry  compared  to  fibers 
from  cat  slow- twitch  muscles  or  fibers  from  muscles  of  other  laboratory 
mammals.  Corresponding  peculiarities  in  contractile  responses  from  these 
muscles  have  not  at  present  been  observed. 

Significance  to  Bio-fledical  Research  and  the  Program  of  the  Institute: 
The  work  outlined  above  concerning  the  adaptive  response  of  skeletal  muscle 
to  a  specific  change  in  functional  environment,  namely  inactivation  of 
autagonistic  muscles,  has  shown  a  relationship  between  the  contractile  and 
histochemical  properties  of  striated  muscle  and  functional  environment. 
These  findings  indicate  that  contractile  speed  and  fiber  tvne  composition  of 
muscle  (histochemical)  may  be  influenced  by  factors  other  than  snecific 
neurotrophic  ones.  Thus,  changes  in  functional  environment,  neural  activation 
patterns  or  sensory  input  without  direct  alteration  of  the  lower  motor  neurons 
might  have  caused  the  observed  contractile  and  histochemical  modifications. 
These  observations  should  be  applicable  to  the  clinical  evaluation  of  functional 
and  histochemical  changes  which  occur  in  human  mvonathies. 
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The  use  of  experimental  mammalian  preparations,  such  as  that  described 
above,  to  investigate  the  factors  which  influence  contractile  responses  of 
striated  muscle  requires  that  the  contractile  date  produced  be  expressed  in 
a  form  commensurable  for  comparison.  The  geometric  constants  obtained  from 
muscle  fiber  measurements  in  progress  will  help  satisfy  this  requirement. 

Proposed  Course  of  Project:  The  immediate  goal  of  this  project  is 
completion  of  the  average  muscle  fiber  length  and  fiber  sarcomere  length 
measurements  in  the  various  muscles  already  prepared  and  preserved.  Comparisons 
will  then  be  made  between  contractile  data  from  both  fast  and  slow- twitch 
muscles  of  rats,  guinea  pigs,  adult  cats  and  kittens  of  various  ages  for  basic 
differences  in  contractile  properties. 

Honors  and  Awards:  None 

Publications:  None 
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Previous  Serial   Number:     Same 


Richard  L.   Irwin,  Ph.D. 

Katherine  L.  Oliver,  B.S. 
Ahmed  Hassan  Mohamed,  Ph.D. 

Department  of  Physiology,  Ein  Shams 
University,  Cairo,  Egypt 


Principal   Investigator: 
Other  Investigators: 

Cooperating  Units: 


Man  Years 

Total:  0.0 
Professsional :  0.0 
Other:        0.0 

Project  Description: 

Objectives:  To  obtain  and  investigate  heretofore  unavailable  venamous 
substances.  To  determine  the  primary  point  of  biologic  activity  and  to  explain 
the  tissue  and  cellular  mechanisms  of  these  neuro-active  substances.  To  frac- 
tionate the  whole  venoms  into  their  active  components . 

Methods  Employed:  The  above  objectives  require  the  use  of  a  wide  variety 
of  whole  animal,  isolated  tissue,  and  cellular  research  techniques  involving 
toxicological,  biochemical  and  biophysical  techniques.  Well  known  venoms  are 
examined  in  order  to  establish  a  standard.  A  comparison  of  the  standard  with 
lesser  known  venoms  facilitates  the  discovery  of  new  properties  of  the  various 
venoms  with  a  minimum  of  search.  Gel  electrophoresis  and  column  chromatography 
are  used  for  venom  fractionation. 

Major  Findings:  Biological  activity  of  venoms  catagorized  as  neurotoxic 
has  been  found  to  progress  with  time  and  dose  from  initial  paralysis  of 
peripheral  origin  to  cardiovascular  toxicity,  and  eventually  to  CNS  effects  due 
indirectly  to  cardiovascular  failure.  Intra-arterially  administered  neurotoxic 
venoms  damage  the  blood-brain  barrier  and  permit  entrv  of  large  dye  molecules 
into  the  brain  but  intravenous  administration  of  venoms  is  not  followed  by  dye 
entry.  This  finding  can  be  extrapolated  to  indicate  that  snake-bite  victims 
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would  probably  not  have  CNS  damage  from  neurotoxin,  a  point  of  some  therapeutic 
interest. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
Past  research  on  venoms  and  naturally  occurring  toxins  has  been  pre-eminently 
successful  in  various  aspects  of  biology. 

The  collection  of  venoms  from  noisonous  soecies  has  made  possible  the 
scientific  development  of  antivenins  for  the  treatment  of  envenomation  by 
poisonous  animals.  The  research  here  is  collaborative  with  and  supportive  of 
a  program  that  is  now  designed  to  collect  venoms  from  the  entire  African 
Continent  (except  for  the  Union  of  South  Africa)  and  to  develop  polyvalent 
anti venom  for  therapeutic  use. 

Because  of  the  accelerating  toxicity  to  v/hich  modern  man  is  exposed,  the 
study  of  toxic  and  poisonous  substances  becomes  of  increasing  importance. 
Only  a  few  relatively  common  venoms  have  been  investigated.  Over  600  different 
species  of  poisonous  snakes  are  believed  to  exist  in  the  world.  What  wealth  of 
biological  tools  are  undiscovered  in  the  venom  of  the  lesser  known  snecies  can 
only  be  surmized  from  the  success  of  past  research.  The  relationships  among 
snake  venom  neurotoxins,  enzymes,  antivenins,  toxicities,  and  therapeutics  are 
almost  completely  unknown.  The  project,  therefore,  has  excellent  possibilities 
of  increasing  progress  in  medical  research. 

The  recent  finding  that  snake  venoms  contain  substances  that  function  as 
nerve  growth  factors  make  this  project  especially  relevent  to  the  program  of 
the  Institute.  The  most  recent  example  of  the  value  of  this  type  of  project 
to  science  is  the  use  of  bungarotoxin  obtained  from  the  krait  snakes  and  made 
radioactive  to  identify  and  locate  the  acetylcholine  receotor  on  skeletal 
muscle  fibers. 

Proposed  Course  of  Project:  The  collaborative  effort  which  makes  this 
project  possible  has  been  funded  for  the  3rd  year  of  the  extension  by  the 
PL-480  program.  The  termination  date  of  the  project  has  been  delayed  to  allow 
re-examination  of  the  Institute's  interest.  If  a  continuing  Institute  interest 
is  found,  a  further  project  extension  can  be  pursued. 

Honors  and  Awards:  None 

Publications:  None 
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1.  Medical  Neurol oqy  Branch 

2.  Applied  Pharmacology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971   through  June  30,  1972 

Project  Title:     Impaired  Transfer  of  Information  Between  Nerve  and  Muscle 

Previous  Serial   Number:  Same 

Principal   Investigator:  Richard  L.   Irwin,  Ph.D. 

Other  Investigators:  Katherine  L.  Oliver,  B.S. 

Cooperating  Units:  None 

Man  Years 

Total  0.9 
Professional:  0.9 
Other:      0.0 

Project  Description: 

Objectives:  To  find  biochemical  deficiencies  that  impair  transfer  of 
biological  information  between  nerve  and  muscle. 

Methods  Employed:  Suitable  animals  are  made  deficient  in  a  component  of 
a  metabolic  pathway  suspected  of  being  required  for  transfer  of  Information 
between  nerve  and  muscle.  Efficiency  of  information  transfer  is  studied 
in^  vnm .  Restoration  of  function  is  determined  by  return  of  metabolic  sub- 
stance or  a  precursor  to  the  animal  during  testing.  Simultaneous  comparisons 
are  made  between  muscle  types. 

Major  Findings:  Adult  rats  kept  without  dietary  choline  and  allowed 
access  to  their  total  environment  practice  coprophagy,  recycle  choline  and 
transfer  information  normally  between  nerve  and  muscle   Weanling  rats  denied 
choline  became  metabolically  deficient  as  indicated  by  increased  number  of 
deaths,  loss  of  hair,  eye  and  kidney  hemorrhage,  cataracts,  large  fatty  livers 
and  slow  growth  rates.  These  severely  choline  deficient  rats  maintain  a 
near-normal  ability  to  transmit  signals  between  nerve  and  muscle.  This 
indicates  that  under  severe  choline  depletion  the  nervous  system  can  utilize 
or  synthesize  choline  to  a  greater  degree  than  certain  other  tissues  or  that 
motor  nerves  may  have  a  low  choline  requirement.  It  is  of  general  interest  to 
the  neurological  sciences  that  animals  with  major  defects  in  many  organ  systems 
because  of  lack  of  dietary  choline  have  no  apparent  functional  deficiency  in 
the  efferent  motor  nerves. 
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Weanlinq  rats  made  methionine  deficient  by  dietary  controls  fail  to  gain 
weight  but  do  not  exhibit  the  physiological  symptoms  of  choline  deficiency  or 
a  transmission  deficit  between  nerve  and  muscle.  Animals  made  both  choline 
and  methionine  deficient  likewise  fail  to  develop  a  defect  in  transfer  of 
information  from  nerve  to  muscle.  These  later  findings  can  be  interpreted  to 
mean  that  alternate  pathways  can  supply  one-carbon  fragments  or  methyl  groups 
in  sufficient  quantity  to  synthesize  sufficient  choline  and  subsequently 
enough  acetylcholine  to  maintain  transmission  of  information  between  nerve 
and  muscle.  The  supplying  of  methyl  groups  by  synthesis  through  one-carbon 
metabolic  pathways  would  function  as  a  protective  mechanism  for  the  nervous 
system  against  dietary  deficiency  of  either  choline  or  methionine.  The 
functioning  of  such  a  protective  system  would  have  heuristic  implications  for 
organism  survival  since  the  nervous  system,  the  primary  organ  for  integrative 
functions,  would  be  preferentially  protected  from  dietary  insufficiency  of  a 
chemical  necessary  for  normal  function. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
There  is  great  need  for  new  knowledge  about  the  processes  involved  when  muscle 
fails  to  function  in  neuromuscular  disorders.  There  is  incomplete  information 
about  the  biochemical  substances  that  maintain  the  functional  and  structural 
integr4ty  of  muscle  in  the  normal  state.  Identification  of  metabolic  chemicals 
that  are  necessary  for  transfer  of  information  from  nerve  to  muscle  may  aid  in 
determining  the  pathogenesis  of  some  of  the  neuromuscular  disorders,  a  useful 
step  in  designing  of  therapeutic  measures. 

Proposed  Course  of  Project:  This  project  should  be  continued  with  an 
emphasis  on  identification  of  the  biochemical  substances  that  are  necessary  to 
maintain  the  functional  integrity  of  skeletal  muscle. 

Honors  and  Awards:  None 

Publications:  None 
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ANNUAL  REPORT 
July  1,  1971  through  June  30,  1972 
Branch  of  Surgical  Neurology ,  IR 
National  Institute  of  Neurological  Diseases  and  Stroke 

J.  M.  Van  Buren,  M.  D.,  Acting  Chief 

SUMMARY  OF  STUDIES  IN  SURGICAL  NEUROLOGY; 

In  the  past  it  has  been  convenient  to  divide  the  work  of  the  Branch 
into;   (1)  Studies  of  treatment  of  disease  of  the  human  CNS,  and  (2)  Studies 
of  the  form  and  function  of  the  human  CNS. 

This  dichotomy  has  continued  since  it  seems  a  practical  orientation. 

The  separate  studies  of  the  Section  on  Child  Neurology  recently 
incorporated  with  the  Branch  of  Developmental  and  Metabolic  Neurology  follows 
as  a  separate  summary. 

I.   Tumors  of  the  CNS  (Clinical  Brain  Tumor  Program) 

Basic  Studies: 

A.  Diagnostic  Methods.   Radioactive  scanning  tomography  of  the  brain. 
From  theoretical  considerations  the  strong  focusing  collimator  approach 
appeared  to  offer  a  number  of  advantages  over  current  systems  and  a 
prototype  device  has  been  developed.   In  the  last  year  this  was  installed 
in  the  Clinical  Center.   Initial  radioactive  phantom  trials  have  shown 
good  resolution  of  sources  about  1.5  cm.  apart.   However,  problems  have 
arisen  with  less  discrete  sources  in  human  patients  and  work  is  proceed- 
ing to  improve  resolution.   The  present  thrust  is  in  the  direction  of 
better  image  processing. 

Studies  in  isotope  ventriculography  and  isotope  cisternography.  An 
analysis  of  unsuccessful  isotope  diagnostic  procedures  indicated  that 
previous  lumbar  puncture  and  pneumoencephalogram  are  not  important  pre- 
disposing factors  to  unsuccessful  intrathecal  injection.   Inadequate 
studies  seem  more  related  to  inadequate  injection  technique  at  the  time 
of  the  initial  puncture. 

B.  Experimental  Rous  Sarcoma  Virus  Tumors  in  Dogs.   Lesions  proved  to 

be  small  or  diffuse  in  dogs  and  the  hoped  for  tumor  model  has  proved  only 
partially  successful.   For  this  reason  the  work  on  detection  methods 
(multiple  isotope  scanning  and  tomoscanning)  has  been  transferred  to  the 
infarction  model  produced  in  monkeys. 

The  use  of  dogs  for  hydrocephalic  models  has  shown  a  high  incidence  of 
spontaneous  CSF  rhinorrhea  in  this  animal.   This  perhaps  explains  their 
remarkable  tolerance  to  hydrocephalus. 


C.  The  current  work  is  being  undertaken  to  study  the  dynamics  of  CSF 
descent  into  the^inal  canal  employing  radionuclide  techniques. 

Clinical  Studies : 

A.   Chemotherapy  of  Glial  Tumors  of  the  CNS.  This  work  is  directed 
toward  the  development  of  chemotherapy  for  gliomas,  isolation  of  tumor 
specific  antigens  and  eventually  study  of  immunotherapeutic  methods 
for  prevention,  diagnosis  and  treatment. 

In  the  past  year  12  patients  have  received  the  full  dosage  of  CCNU 
130  mg.  per  square  meter  of  body  surface  count  by  mouth,  six  oral  doses 
at  six  to  eight  week  intervals  combined  with  8-Azaguanine  100  mg.  given 
IM  twice  weekly  for  six  weeks,  then  reduced  to  two  times  a  month  for  a 
year  and  then  once  a  month  for  maintenance  therapy.   Although  six 
mortalities  have  occurred,  some  encouragement  is  being  received  that 
the  survivors  have  an  improved  quality  of  survival.   It  appears  that  the 
younger  patients  withstand  treatment  better.   A  correlation  between  the 
volume  of  tumor  reduction  with  surgery  and  chemotherapy,  survival  time 
and  delayed  hypersensitivity  to  skin  testing  appears  to  be  emerging. 

A  glyco-proteir  ^ as  been  isolated  from  gliomas  which  appears  to  be 
"tumor  specific!'   It  is  found  in  high  concentration  of  glioblastomas 
in  fetal  brain.  Much  lower  concentrations  were  extracted  from  epileptic 
brain  tissue  which  was  used  as  a  control.  Further  characterization  of 
this  material  is  underway. 

II.   Vascular  Disease  of  the  CNS. 

Basic  Studies: 

A.  Diagnostic  Methods.   Introduction  of  radionuclide  angiography  in 
three  cases  of  arteriovenous  malformation  has  provided  clear  visualiza- 
tion of  the  malformation.   The  potential  of  this  method  is  being 
explored.   It  seems  especially  suitable  when  visualization  of  the  mal- 
formation is  hampered  by  previously  entrapped  Pantopaque. 

B.  Using  microangiographic  techniques  in  fetal  and  embryonic  human 
spinal  cords,  studies  are  being  carried  out  to  show  the  normal  variations. 
The  developmental  mechanisms  are  being  sought  to  explain  the  differences 
between  the  spinal  cord  vasculature  of  adults  and  of  infants  and  children. 

C.  Studies  are  proposed  to  improve  the  quality  of  visualization  using 
radiographic  magnification  with  the  new  fractional  focal  spot  x-ray 
tubes  and  the  possibility  of  use  of  angiotomography  and  improved  x-ray 
contrast  media  (polimeric  iodinated  contrast  media) . 

D.  Experimental  spinal  cord  angiography  (monkey).   Pressor  amine 
aortography  and  abdominal  compression  aortography  have  demonstrated 
normal  spinal  cord  venous  system  in  the  macaque.   Using  vital  dyes. 
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ascending  and  descending  currents  of  blood  flow  ±i  the  large  spinal 
arteries  have  been  discovered.   This  finding  is  of  importance  in 
explaining  spinal  cord  compensation  for  local  ischemia. 

E.  An  experimental  stroke  model  in  the  Rhesus  monkey  has  been  developed. 
The  middle  cerebral  artery  is  occluded  at  its  origin  through  the  superior 
orbital  fissure  after  the  removal  of  the  eyeball.   The  produced  infarction 
is  consistent  in  its  anatomical  location:  medial-inferior  district  of 
the  ipsilateral  basal  ganglia.   The  "stroked"  animals  are  being  evaluated 
by  x-ray  angiography,  radionuclide  scanning,  radionuclide  cerebral  blood 
flow  determination,  radionuclide  particles  (macroaggregates)  transit 
evaluation,  microangiography,  and  autoradiography.   The  CBF  in  the 
experimentally  infarcted  brain  is  being  modified  by  various  physiological, 
chemical,  and  pharmacological  means. 

Clinical  Studies: 

A.   In  an  instance  of  radiation  myelitis  following  radiotherapy  of  a 
tumor,  angiography  has  shown  objective  change  in  the  vascular  supply. 
Studies  will  be  pursued  in  characterizing  the  angiographic  features  of 
this  complication. 

III.   Epilepsy. 

Basic  Studies : 

A.  In  the  cat  the  characteristics  of  strychninized  cortical  neurons  have 
been  studied  in  the  recording  of  (1)  intracellular  potentials,  (2) 
resistance  of  the  cell  membrane,  and  (3)  the  time  constant  and  capacitance 
of  the  cell  membrane.  The  strychninized  epileptic  neuron  has  been  found 
to  have  a  resistance  of  5-6  megohms  (about  9  megohms  is  normal)  and 
epileptic  activity  requires  "sjmchronous"  presynaptic  bombardment. 

B.  Alterations  in  cortical  neuronal  activity  have  been  studied  under 
varied  conditions.   The  method  used  was  measurement  of  electrical  tissue 
resistance  in  the  extracellular  space  (ECS)  calculated  with  Maxwell's 
equation.   This  was  compared  with  the .ECS  determined  by  concentrations  of 
radionuclides  after  subarachnoid  perfusion.   The  ECS  (cat  cortex)  was 
15-20%  of  the  total  volume  and  was  unchanged  with  brain  temperatures 
down  to  15°C.   However,  the  rate  of  CSF  formation  was  much  reduced.   An 
increase  in  blood  pressure  (90  mm.Hg)  produced  breakdown  of  blood  brain 
barrier  and  the  neuronal  activity  was  changed  or  inhibited. 

Clinical  Studies : 

In  collaboration  with  the  Department  of  Neuropharmacology  at  Duke  Uni- 
versity, a  fluorometric  method  for  the  qualitative  determination  of 
nicotinamide  adenine  dinucleotid  in  its  reduced  form  (NADH)  with  u-v 
light  at  360  mu  has  been  applied  to  epileptic  cortex  in  the  human 
operating  room  for  the  first  time.  Other  studies  have  confirmed  that 


the  NADH  determination  measures  nearly  exclusively  the  intramitochondrial 
faction  of  this  material.   This,  therefore,  gives  a  unique  insight  as  to 
the  intracellular  dynamics  of  cytochrome  metabolism.   Initial  human  cases 
showed  that  5-8%  drops  in  the  fluorometric  levels  of  brain  excited  by 
1  sec.  trains  of  10  Hz  stimuli  occurred  which  is  similar  to  that  seen 
in  the  normal  cat  cortex.  An  epileptic  focus  appeared  to  show  considerable 
loss  in  this  response.  A  similar  loss  was  seen  over  a  low  grade  astro- 
cytoma. 

During  the  past  year  time  has  been  spent  in  fabricating  a  unit  which  will 
provide  a  30  cm.  working  distance  and  thus  provide  a  better  sterility 
safety  factor. 

IV .   Dyskinesias . 

Basic  Studies: 

A.  Studies  of  motor  function  in  the  cat  have  shown  that  the  rate  of 
discharge  and  the  membrane  potential  is  proportional  to  the  pre-stimulation 
activity  of  the  cell  and  the  duration  of  stimulation  of  the  motor  cortex. 
This  study  is  continuing  and  is  directed  toward  elucidation  of  the  inter- 
action of  the  pyramidal  and  extrapyramidal  motor  systems. 

B.  By  means  of  lesions  in  the  efferent  cerebellar  pathways  and  in  the 
sensory  pathways  in  the  chimpanzee,  the  sensory  and  cerebellar  inflows 
to  the  lateroventral  region  of  the  thalamus  were  studied  using  fiber 

and  terminal  degeneration  techniques.   As  opposed  to  the  classical  reports 
in  lower  animals ,  the  division  between  the  sensory  and  cerebellar  system 
did  not  occur  at  the  junction  of  the  large-celled  ("VP")  and  small-celled 
("VL")  areas  in  the  lower  half  of  the  ventrolateral  thalamic  region.   The 
division  of  this  inflow  occurred  within  the  large-celled  nucleus  with  the 
cerebellar  inflow  entering  the  n.  ventrointermedius  (anterior  portion  of 
the  large-celled  nucleus)  and  the  sensory  inflow  entering  behind.   This 
discovery  of  the  fallacy  of  the  classical  concept  is  of  interest  and 
appears  to  coincide  with  physiological  studies  carried  out  in  man  by 
Bertrand  and  Jasper. 

Clinical  Studies : 

A.  Evaluation  of  cognitive  function  in  47  patients  over  an  average  of 
17  months  following  thalamotomy  showed  a  mild  decline  in  test  scores 
apparently  related  to  verbal  material  following  a  left  thalamotomy  and 
non-verbal  material  with  a  lesion  in  the  right  thalamus.   The  results, 
however,  are  somewhat  tentative  due  to  lack  of  control  data  for  these 
patients  (Parkinsonians).   The  overall  study  did  not  suggest  severe 
impairment  or  form  a  contraindication  to  surgical  treatment. 

B.  Follow-up  of  18  patients  subjected  to  thalamotomy  who  later  went  on 
to  L-dopa  therapy  have  indicated  that  the  surgery  and  medical  treatment 
of  Parkinsonism  are  synergistic  and  surgery  remains  the  treatment  of 
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choice  for  severe  tremors.   An  interesting  sidelight  has  been  that 
L-dopa-induced  chorea  has  proved  not  to  occur  on  the  side  of  the  patient 
opposite  to  a  previous  thalamotomy.   This  suggests  a  similarity  in  the 
mechanism  of  the  drug-induced  dyskinesia  with  that  of  naturally  occurring 
disease. 

Speech,  Memory  and  Cognitive  Function  in  Man  (Surgical  Epileptic  and 
Stereotaxic  Clinical  Programs). 

The  neuropsychological  research  program  has  developed  several  tests  and 
surgical  techniques  to  outline  the  neural  control  of  human  behavior. 
These  procedures  include:   (a)  behavioral  modification  through  electrical 
stimulation  of  the  depths  and  surface  of  the  brain,  (b)  a  profile  of 
neurosurgical  patients  before  and  after  brain  surgery,  and  (c)  the  use 
of  electroencephalographic  (EEC)  activity  to  reflect  psychophysiologic 
states. 

A.  Stimulation  studies.   Brief  electrical  stimulation  of  the  brain 
surface  of  the  left  hemisphere  produces  a  temporary  language  impairment 
and  an  independent  memory  loss.   Stimulation  of  the  right  brain  does  not 
interfere  with  language  processes  but  instead  disables  certain  perceptual 
and  memory  functions  for  visual,  nonverbal  or  spatial  material.   There 
also  appears  to  be  a  difference  in  the  location  of  long-term  and 
short-term  memory  mechanisms  which  are  assigned  to  the  anterior  or 
posterior  region  of  the  temporal  lobe  respectively. 

B.  Cerebral  lesions.   These  studies  suggest  that  the  temporal  lobe 
processes  acoustic  information,  the  parietal  lobe,  visually-oriented 
stimuli  registered  in  short-term  memory.   Patients  with  left  temporal 
deficits  have  more  trouble  than  normal  and  right-temporal  patients  in 
using  a  verbal  code  or  language  dependent  rules  to  solve  test  problems. 
Individuals  with  right  temporal  deficits  are  not  troubled  on  verbal 
tasks  but  experience  great  difficulty  on  nonverbal  tasks  which  use 
stimuli  that  are  not  readily  tagged  or  labelled. 

C.  EEC  correlates  of  learning.   Using  scalp  and  intracranial,  depth 
electrodes  for  recording,  the  patients  performed  an  auditory  closure 
task  with  stimuli  patterned  to  produce  meaningful  and  non-meaningful 
information.   The  task  was  administered  to  patients  with  a  unilateral 
temporal  removal  and  to  patients  with  electrodes  implanted  in  the 
thalamus  or  temporal  lobe.   Work  is  currently  progressing  to  develop 
computer  analysis  of  evoked  potential  data  while  additional  tasks  are 
being  prepared  to  study  neurologic  patients  with  surgical  and  natural 
lesions . 

Effects  of  Trauma  on  the  CNS. 

Basic  Studies: 

A.   Using  a  programmable  head  accelerating  device  it  has  been  found  that 
rotation  rather  than  pure  translation  of  acceleration  is  needed  to 
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produce  concussion  though  both  types  of  trauma  produce  visible  brain     J 
lesions.   Surface  hemorrhages  tend  to  be  associated  with  rotational 
injuries  and  intracerebral  hematomas  and  contusions  appear  more 
frequently  with  translation  injuries. 

B.   Somatosensory  evoked  cortical  potentials  have  proved  a  useful  index 
of  the  presence  of  traumatic  unconsciousness.   The  recovery  cycle  of 
these  evoked  potentials  is  now  being  studied  following  trauma.  ^ 

Clinical  Studies: 

For  the  first  time  a  selective  spinal  angiography  after  acute  spinal 
trauma  has  been  done.   In  this  case  demonstration  of  a  normal  vascularity 
appeared  useful  in  advancing  a  good  prognosis  for  the  case. 


REPORT  OF  THE  SECTION  ON  CHILD  NEUROLOGY 


During  the  fiscal  year  1972  the  Section  on  Child  Neurology  completed  or 
advanced  studies  in  the  areas  of  clinical  investigations  and  in  the  basic 
sciences.   Of  particular  importance  are  the  following  results: 

1.  We  have  demonstrated  that  the  pathogenesis  of  congenital  retinal 
blindness  is  based  primarily  on  the  aplasia  of  photoreceptors ;  this  was 
accomplished  by  detailed  studies  conducted  on  13  patients ;  two  of  these  died   | 
during  infancy,  i.e. ,  before  secondary  changes  in  the  retina  could  occur.      " 
Tissue  material  thus  made  available  was  utilized  to  document  the  theoretical 
possibility.   In  addition,  we  have  shown  that  of  the  group  of  51  patients, 

58%  had  neurological  abnormalities  (mental  retardation,  seizures  or  paralysis) 
and  some  of  these  were  related  to  anomalies  of  the  brain. 

2.  In  our  studies  on  Laurence-Moon-Biedl  syndrome  two  new  features  were 
shown:   (a)  there  is  no  demonstrable  defect  in  the  hypothalamo-pituitary-gonada! 
axis,  at  least  in  a  substantial  number  of  patients  (none  of  our  patients  had 
it)  ,  (b)  hypogonadism  has  been  overestimated  in  the  literature  at  least  by 
30%,  probably  because  sexual  maturation  in  these  patients  may  occur  as  late 

as  18-19  years  of  age.   In  addition,  a  startingly  high  inter-family  phenotypic 
concordance  was  demonstrated  while  intra-family  differences  were  marked.   These 
last  findings  provide  a  novel  approach  to  the  problem  of  inheritance  of  complex 
genetic  disorders  in  general.   This  will  be  further  explored. 

3.  In  the  frame  of  our  therapeutic  approach  to  storage  disease,  we  have 
conducted  repeated  transfusion  of  fresh  normal  serum  and  whole  blood  to  the    I 
patients  with  Hurler  and  Hunter  syndromes  in  order  to  assess  the  possibility 

of  supplying  the  deficient  enzymes.   The  results  of  these  complex  studies  were 
just  submitted  for  publication.   In  general,  we  felt  that  these  transfusions 
of  blood  products  did  not  lead  to  significant  changes  in  the  amount  of  excreted 
AMPS  in  the  respective  patients.  Also,  the  distribution  of  the  molecular 
weights  of  the  excreted  AMPS  was  largely  unaltered.   Likewise,  no  demonstrable 
change  in  the  patient's  clinical  responsiveness  was  noted. 
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4.  Other  published  clinical  studies  relate  to  mental  retardation  and 
epilepsy  and  to  investigation  of  pathogenesis  and  pathophysiology  of  muco- 
polysaccharides .   In  this  respect  we  have  explored  in  depth  the  composition 
of  AMPS  in  cortex,  medulla  and  papilla  of  kidneys  in  respective  patients  and 
normal  controls.   The  findings  contribute  to  our  understanding  of  urine 
formation. 

5.  Our  basic  studies  are  concerned  with  the  establishment  of  normal 
parameters  of  brain  maturation;  the  results  have  been  published  or  are  in 
press.   We  have  demonstrated  the  composition  of  brain  lipids,  nucleic  acids, 
and  proteins  in  reference  to  structural  maturation  in  the  brains  of  rabbits 
during  the  third  trimester  of  gestation.   This  study  provides  us  and  the 
scientific  community  with  the  normative  data  as  a  reference  to  future  experi- 
mental approach. 

The  year  1971  was  also  marked  by  planning  and  organization  of  the  new 
Branch  which  will  be  derived  from  joining  the  Section  on  Child  Neurology,  SNB, 
and  the  Section  of  Lipid  Chemistry,  LNC.   This  new  Branch  will  be  known  as  the 
Developmental  and  Metabolic  Neurology  Branch.   Although  few  new  projects  have 
been  outlined  and  in  the  process  of  being  activated,  it  is  felt  that  their 
listing  should  await  the  beginning  of  the  functioning  of  the  new  Branch  in  the 
1973  fiscal  vear. 
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1.  Surgical  Neurology  Branch 

2.  Office  of  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Epileptogenic  Mechanisms  in  the  Brain  of  Man  and  Other 
Primates 

Previous  Serial  Number:   Same 

Principal  Investigators:   J.  M.  Van  Buren,  M.  D.,  A.  K.  Ommaya,  F.R.C.S.  and 

C.  Ajmone-Marsan,  M.  D, 

Other  Investigators:   P.  Fedio,  Ph.D.  and  M.  O'Connor,  M.  D. 

Cooperating  Units:   N-EEG 

Man  Years 

Total:  1.6 

Professional:  1.2 

Other:  0.4 

Project  Description: 

Objectives: 

1.  To  study  causal  mechanisms  of  epileptic  seizures  in  man  and  other 
primates. 

2.  To  study  the  electrographic  characteristics  of  epileptogenic 
activity  in  the  brain  of  man  and  other  primates. 

3.  To  study  the  approved  methods  of  surgical  therapy  for  these  lesions 
and  develop  new  therapeutic  methods. 

4.  To  make  use  of  opportunities  in  diagnosis  and  therapy  for  the  study 
of  neurophysiological  and  neuropsychological  problems . 

Methods  Employed: 

1.  Clinical  neurological  examination. 

2.  Special  radiographic  and  other  contrast  examinations. 

3.  Electrographic,  including  electrocorticographic,  examination. 

4.  Physiological  and  psychological  techniques  as  indicated. 
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5.   Histological  and  chemical  examinations  as  required, 
Maj  or  Findings : 

1.  The  surgical  material  has  provided  brain  tissue  for  special  neuro- 
chemical studies  which  are  reported  elsewhere  (Serial  No.  NDS(I)  -  69  SN/CN 
1655). 

2.  Stimulation  of  implanted  depth  electrodes  at  open  craniotomy  have 
provided  material  for  study  of  speech,  memory  and  cognitive  functions  which 
are  reported  elsewhere  (Serial  No.  NDS(I)  -  57  SN/CP  401(c)  and  NDS(I)  - 

68  SN/OC  1658(c)). 

3.  Following  a  halt  due  to  lack  of  personnel,  the  late  follow-up  resvilts 
of  temporal  epileptic  excisions  has  been  resumed  and  in  the  past  year  113  of 
the  243  epileptic  patients  with  operations  from  3-18  years'  duration  have 
been  seen  in  the  Outpatient  Department.   Thirty-four  of  the  patients  have 
died  in  the  meantime. 

The  temporary  assistance  of  a  medical  student  is  possible  during  the 
summer  of  1972  and  it  is   hoped  that  this  extra  assistance  will  be  of  some  use 
in  the  further  quantification  of  this  material. 

4.  The  collaboration  of  Dr.  F.  Jobsis,  Department  of  Physiology  and 
Pharmacology,  Duke  University  Medical  School,  and  Dr.  Michael  O'Connor  has 
made  possible  the  application  of  fluorometric  monitoring  techniques  for 
estimation  of  NADH  levels  in  the  cerebral  cortex  on  a  real  time  basis,  has 
been  used  successfully  in  man  and  is  reported  in  the  bibliography.   In  the 
past  year  an  improved  instrument  with  a  longer  working  distance  designed 
specifically  for  use  in  the  human  operating  room  has  been  developed  by 

Dr.  O'Connor  and  the  NIH  technical  staff.   The  findings  have  been  as  follows: 

With  the  development  of  the  vacuum  tube  amplifier,  electrical  phenomena 
became  the  most  readily  observable  characteristics  of  neuronal  metabolic 
activity.   In  the  1930' s  this  technique  was  applied  to  the  study  of  cerebral 
activity  in  man.   Not  long  thereafter,  Penfield  and  Jasper  explored  its  use- 
fulness in  indicating  areas  of  abnormal  cortical  activity  associated  with 
focal  cerebral  seizures.   This  technique  has  proved  its  usefulness  over  the 
years  as  attested  by  the  respectable  surgical  cure  rate  in  properly  selected 
cases  of  otherwise  intractable  epilepsy. 

Since  the  ease  and  sensitivity  of  electrical  recording  far  surpassed  all 
other  methods  of  studying  neuronal  activity,  investigators  understandably 
became  engrossed  in  observations  relying  solely  upon  this  technique.   This 
preoccupation  tended  to  obscure  the  fact  that  electrical  phenomena  are  but 
one  manifestation  of  the  dynamics  of  neuronal  metabolism.   Thus  observation 
of  the  electrical  activities  of  the  neuron  provides  only  a  monochrome  of  the 
activity  of  the  nerve  cell.   If  we  could  but  see  the  complete  image  of  this 
activity,  it  would  certainly  be  highly  variegated  and  in  polychrome  I 
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In  vitro  techniques  introduce  many  abnormalities  into  the  neuronal  system 
as  well  as  requiring  that  intracellular  events  be  monitored  extracellular ly. 
In  situ  studies  of  cortical  energy  turn-over  such  as  those  employing  measure- 
ments of  AAV  PO2  or  AAV  [Glucose]  permit,  in  general,  assessment  only  of 
large  areas  and  provide  little  precision  in  localization. 

The  present  fluorometric  technique  utilizes  the  fluorescence  properties 
of  coenz3nne  nicotinamide  adenine  dinucleotide  (NAD:   NAD"^  oxidized;  NADH 
reduced  form) .   Changes  in  the  ratio  of  the  reduced  to  oxidized  f orti  of  this 
respiratory  chain  coenzjnne  (and  concurrently  the  changes  in  the  fluorescence 
levels)  mirror  changes  in  the  energy  demands  of  the  tissue.   The  rate  of  cell 
metabolism  is  controlled  primarily  by  the  intracellular  levels  of  phosphate 
and  ADP  and  the  rate  of  oxygen  uptake  by  mitochondria.   These,  in  turn,  are 
reflected  in  the  steady-state  percentage  of  reduction  of  NADH. 

NADH  can  be  detected  in  vivo  by  its  violet  emission  (450  t   25  mu)  when 
excited  by  light  between  310  and  370  mu.   Fortunately  extramitochondrial  NADH 
has  a  significantly  lower  fluorescence  efficiency  than  the  intramitochondrial 
NADH  so  that  changes  in  the  fluorescence  level  largely  signal  changes  in 
intramitochondrial  NADH  concentration  of  the  cell. 

Following  craniotomy,  closely  spaced  electrodes  (1.5  mm.  tip  separation 
or  coaxial)  were  placed  on  the  cortex  for  stimulation  in  the  fluorometric 
field.   Electrical  recordings  were  made  with  one  electrode  in  the  field  of 
fluorometric  observation,  close  to  the  stimulating  electrodes  and  the 
reference  electrode  approximately  5-10  mm.  away. 

The  basic  pattern  of  stimulation  was  a  one  second  train  of  0.5  ms. 
pulses  at  10  Hz  with  amplitudes  ranging  between  2-9  mA.   Trains  were  repeated 
as  needed  at  20-30  second  intervals. 

Fluorescence  and  reflectance  were  recorded  at  equal  total  sensitivity , 
i.e. ,  total  signals  were  equalized  by  variation  of  the  high  voltage  supply- 
ing each  photomultiplier.   A  Leitz  "Ultropak"  epi-illumi nation  system  allowed 
visual  observation  of  a  3.2  mm.  field  and  served  to  focus  the  366  mu 
excitation  light  on  this  area.   The  emitted  fluorescence  (450  mu)  and  reflected 
excitation  light  (366  mu)  were  collected  and  measured  separately  after 
filtration  by  end-window  photomultiplier  tubes.   Instabilites  in  the  arc  lamp 
output  were  measured  by  a  third  PM  tube  which  served  to  alter  the  sensitivities 
of  the  two  recording  PM  tubes  to  compensate  for  changes  in  intensity  of  the 
exciting  366  mu  emission.   The  fluorescence  and  reflectance  signals  were 
recorded  on  a  pen  writer  and  the  transients  associated  with  direct  cortical 
stimulation  were  averaged  by  computer  summation. 

The  decrease  in  the  fluorescence  signal  was  interpreted  as  signifying 
oxidation  of  intramitochondrial  NADH.   The  peak  amplitude  of  the  fluorometric 
response  pattern  was  about  2%  of  the  total  signal.   The  typical  response 
after  a  one  second  train  of  stimuli  was  a  decrease  in  fluorescence  starting 
less  than  one  second  after  the  train,  reaching  a  peak  in  three  to  five  seconds 
and  recovering  in  20  seconds.   It  resembled  earlier  studies  in  cat. 
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It  was  found  that  the  amount  of  reflected  excitation  light  varied  with 
changes  in  the  optical  field  such  as  blood  flow.   When  changes  occurred, 
reflectance  was  subtracted  from  fluorescence  to  give  a  more  accurate  measure 
of  changes  in  fluorescence. 

Changes  in  the  strength  of  the  cortical  stimulation  affected  the 
intensity  of  the  fluorometric  response  but  not  the  rate  of  fall  and  recovery 
of  the  signal  to  baseline  levels. 

In  two  patients ,  marked  changes  in  the  fluorometric  response  pattern 
evoked  by  direct  cortical  stimulation  occurred  as  the  fluorometric  field  was 
shifted  to  abnormal  areas.   In  one  patient  where  a  consistent  maximum  of 
epileptiform  activity  was  found  by  routine  electrocorticography ,  large 
fluorometer  transient  responses  were  recorded  in  areas  of  submaximal  epilepti- 
form activity,  but  in  the  maximally  involved  area  no  reliable  fluorometric 
transient  could  be  evoked. 

Technical  difficulties  prevented  exact  analysis  of  data  from  three 
patients.   These  difficulties  related  to  developing  the  optimal  electrical 
recording  system  compatible  with  the  fluorometer  measurements  and  determining 
the  optimal  stimulation  parameters.   Nevertheless,  preliminary  analysis  from 
a  patient  with  a  grade  II-III  astrocytoma  in  the  left  temporal  region  indicated 
that  the  transient  fluorometric  signal  had  slower  kinetics  of  recovery  to  the 
resting  metabolic  level  relative  to  that  seen  typically  in  the  cat  cortex. 
Unfortunately  we  do  not  know  the  range  of  normal  for  the  human  cortex  and  no 
"normal  control  area"  was  monitored  in  this  patient.   Therefore,  no  con- 
clusions could  be  drawn. 

In  another  patient,  a  spontaneous  electrographic  seizure  was  recorded. 
Although  the  initial  ten  seconds  of  the  episode  were  missed  from  the  fluoro- 
meter record,  the  later  course  of  the  seizure  was  recorded.   At  this  time 
there  was  about  1.5%  decrease  in  the  fluorometer  signal  while  the  reflectance 
remained  quite  consistent.   Subsequently,  both  fluorescence  and  reflectance 
decreased  by  about  the  same  amount  (approximately  2-3%)  and  therefore  may  be 
interpreted  as  consequent  to  changes  in  blood  flow.   It  should  be  noted  that 
the  optical  field  observed  in  this  instance  was  highly  vascular. 

The  electrical  responses  evoked  by  the  direct  cortical  stimulation  were 
recorded  simultaneously  with  the  fluorometric  signals  in  the  same  field. 
Difficulties  were  encountered  in  developing  an  electrical  recording  system 
with  a  tolerable  signal-to-noise  ratio  that  would  be  effective  in  proximity 
with  the  fluorometric  recording  equipment.   Nevertheless,  the  signals 
resembled  the  classical  direct  cortical  response  familiar  from  experiments 
in  cats. 

Attempts  to  correlate  the  electrical  responses  in  pathological  tissues 
and  fluorometric  transients  are  planned.   In  addition,  apparatus  with  a  longer 
working  distance  to  pose  less  threat  to  the  sterile  surgical  field  is 
currently  under  construction. 
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Significance  to  Bio-Medical  Research  and  Program  of  the  Institute; 
This  project  attempts  further  understanding  of  epileptic  mechanisms,  with 
particular  reference  to  therapeutic  applications,  and  the  exploitation  of  the 
surgical  treatment  of  these  conditions  for  cortical  physiology  and  for 
cerebral  physiology  and  behavioral  mechanisms . 

The  application  of  the  fluorometric  tnonitoring  to  epileptic  cortex  is 
significant  since  it  is  the  first  demonstration  of  a  practical  method  for 
estimating  cortical  metabolism  on  a  real  time  basis  other  than  the  electro- 
corticogram.   Evidence  indicates  that  the  fluorometrically  active  NADH  is 
actually  the  intramitochondrial  portion.   Thus  this  is  the  first  technique 
which  gives  direct  information  on  intracellular  metabolism  on  a  dynamic  basis. 

Review  of  the  long-term  results  of  epileptic  surgery  have  not  been 
carried  out  by  any  primary  service  including  those  at  Montreal  and  the 
Maudsley  in  England  despite  considerable  surgical  epileptic  experience.   Due 
to  a  large  volume  of  material,  this  follow-up  is  planned  as  a  monograph  with 
the  joint  cooperation  of  the  Surgical  Neurology  Branch  and  the  Electro- 
encephalography Branch. 

Proposed  Course  of  Project:  With  the  availability  of  an  improved 
apparatus  for  NADH  determination  in  the  epileptic  operations,  it  is  planned 
to  control  the  sites  of  fluorometric  and  electrocorticographic  recording  with 
histological  examination  including  both  conventional  methods  and  EM.   In 
view  of  the  known  inability  of  epileptic  cortex  to  adequately  bind  asteo- 
choline,  it  was  considered  of  interest  to  examine  the  proportions  of  synapses 
bearing  spherical  and  flattening  synaptic  vesicles  and  the  topography  of 
vesicular  distribution  with  regard  to  the  synaptic  function  sites.   This 
sjmaptic  study  would  be  controlled  by  samples  from  normal  cortex  of  lower 
primates  as  well  as  samples  from  adjacent  areas  of  human  excision  in  which 
the  epileptic  process  was  not  as  active. 

The  continuance  of  late  epileptic  follow-up  is  of  much  importance  in 
assessing  the  value  of  current  diagnostic  criteria  and  techniques  of  cortical 
excision. 

Honors  and  Awards:   None 

Publications: 

Jobsis,  F.  F.,  O'Connor,  M.  J.,  Rosenthal,  M.  and  Van  Buren,  J.  M. : 
Fluorometric  monitoring  of  metabolic  activity  in  the  intact  cerebral 
cortex.   In  Somjen,  G.  (Ed.):   Neurophysiology  in  Man,  Proceedings  of 
the  International  Symposium  in  Man,  Paris,  July  20-22,  1971. 
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1.  Surgical  Neurology  Branch 

2.  Office  of  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Involuntary  Movements 

Previous  Serial  Number:   Same 

Principal  Investigators:   J.  M.  Van  Buren,  M.  D. ,  Choh-luh  Li,  M.  D„  and 

P.  Fedio,  Ph.D. 

Other  Investigators:      D.  Sadowsky,  B.S. 

Cooperating  Units :   N-OB 

Man  Years 

Total:  2.4 

Professional:  2.1 

Other:  0.3 

Project  Description: 

Objectives;  Neurological  disease  characterized  by  dyskinesias  offers  a 
twofold  opportunity  for  research.  The  pathological  aspects  of  the  disease 
itself  may  be  studied  as  well  as  the  pathophysiology  of  the  motor  system. 
The  second  aspect  is  the  unparalleled  opportunities  afforded  for  neurophysio- 
logical  studies  in  man  by  stereotaxic  surgery  in  the  treatment  of  dyskinesias. 
Studies  made  directly  of  the  disease  itself  have  not  received  great  emphasis 
in  the  present  research  since  they  require  biochemical  and  pathological 
support. 

Methods  Employed;   Surface  and  depth  microelectrode  recording  of  the 
human  brain  makes  use  of  specially  built  high  impedance  pre-amplif iers ,  tape 
recording  of  signals  and  eventually  averaging  and  cross  correlation  of 
cellular  activity  and  other  functions  such  as  muscle  activity  and  brain 
potential  variations  from  large  electrodes.   Depth  electrode  stimulation 
employs  a  specially  built  electrode  and  a  current  monitored  stimulator.   The 
special  apparatus  used  in  quantitative  psychological  testing  is  described  in 
Dr.  Lansdell's  and  Dr.  Fedio 's  Project  Report  Serial  No.  NDS(I)  -  63  SN/CP 
1033(c). 

Evaluation  of  the  postoperative  Parkinsonian  patients  was  based  on  data 
derived  from  four  sources:   (1)  history;  (2)  physical  examination;  (3)  specific 
psychological  tests  (Wechsler  Adult  Intelligence  Test,  Wechsler  Memory  Test 
and  MMPI) ;  and  (4)  battery  of  clinical  quantitative  neurological  tests 
administered  in  part  by  the  examining  physician,  in  part  by  the  physical 
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therapist  and  in, part  by  the  occupational  therapist.   Due  to  the  patient 
recruitment  from  wide  areas,  current  patient  review  has  not  been  finished  and 
the  present  final  patient  sampling  is  smaller  than  it  will  eventually  be. 
This  makes  data  analysis  more  complex  at  the  moment  but  the  use  of  special 
mathematical  tools  permits  even  at  this  time  statistically  reliable  state- 
ments about  the  long  term  beneficial  results  of  thalamotomy. 

Major  Findings: 

1.  Cognitive  evaluation  of  47  Parkinson  patients  for  a  mean  of  17 
months  following  unilateral  thalamotomy,  using  the  Wechsler-Bellevue  Adult 
Intelligence  Scale  and  the  Wechsler  Memory  Scale,  showed  mild  but  definite 
cognitive  declines  persisting  into  the  second  postoperative  year.   Left-side 
operated  patients  showed  declines  mainly  in  verbally  related  scores  and 
right-side  operated  patients  showed  declines  mainly  in  nonverbal  performance 
scores.   These  left-right  differences  were  not  secondarily  caused  by 
differences  in  age,  sex  or  degree  of  disease  severity.   A  lack  of  adequate 
control  data  in  the  current  literature  prevents  relating  these  changes 
directly  to  the  thalamus.   The  changes  observed  are  not  sufficient  in  them- 
selves to  warrant  cessation  of  thalamotomy  in  the  treatment  of  Parkinson's 
disease. 

2.  Seventy-eight  Parkinson's  disease  patients  treated  with  one  or  two 
thalamotomies  were  evaluated  three  to  six  years  postoperatively  using 
qualitative  and  quantitative  tests  of  neurologic  function  of  general  ability 
to  care  for  themselves.   In  spite  of  good  and  persistent  postoperative 
improvement  in  tremor  and  rigidity,  general  functional  ability  was  equally 
worse  and  better  by  the  end  of  the  third  postoperative  year.   Second  thalamo- 
tomy results  were  slightly  less  favorable  than  first  thalamotomy  results. 
Progressive  worsening  was  thought  to  be  due  mainly  to  the  unhindered  natural 
history  of  the  disease  and,  in  part,  to  surgical  intervention.   In  a  small 
number  of  postthalamotomy  patients  L-dopa  gave  added  benefit. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 
The  use  of  a  human  subject  who  is  cooperative  and  unsedated  permits  many 
tests  of  sensory  and  psychological  function  which  are  impossible  even  with 
the  time  consuming  conditioning  experiments  applied  in  lower  animals.   The 
use  of  the  human  subject  is  therefore  not  a  duplication  of  animal  experimenta- 
tion but  an  extension  of  this  and,  of  course,  studies  of  speech  function  may 
only  be  carried  out  in  man. 

Proposed  Course  of  the  Project:   Since  1963  requests  have  been  made  for 
detailing  an  individual  with  the  bio-medical  background  and  an  adequate 
engineering  and  computer  background  to  assist  in  the  development  of  more 
sophisticated  types  of  motor  testing.   The  need  for  quantitation  of  human 
motor  functions  still  remains  one  of  the  major  problems  in  evaluation  of  both 
drug  and  surgical  therapy.   The  current  "Workshop  on  Control  of  Movement  and 
Posture"  held  March  27-28,  1972,  under  the  sponsorship  of  Professor  Granit 
has  pointed  out  the  importance  of  studies  of  this  type.   Furthermore,  the 
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participants  have  indicated  the  degree  to  which  quantitative  human  motor 
studies  can  be  carried  out  with  adequate  personnel.   It  is  important  that  the 
NINDS  leadership  recognize  this  important  area  of  study  so  that  support 
needed  can  be  set  up.  Although  the  clinical  evaluation  and  treatment  of  these 
patients  will  continue,  the  value  of  this  research  cannot  be  realized  without 
this  basic  laboratory  support. 


Honors  and  Awardt 


None 


Publications; 


Wirth,  F.  P.,  Jr.,  and  Van  Buren,  J.  M. :   Referral  of  pain  from  dural 
stimulation  in  man.   J.  Neurosurg.  34:   630-642,  1971. 

Van  Buren,  J.  M.  and  Ratcheson,  R.  A.:   Principles  of  stereotaxic 
surgery.   In  Youmans,  J.  (Ed.):   Neurological  Surgery.   Philadelphia, 
Pa.,  W.  B.  Saunders,  in  press. 

Shapiro,  D.  Y.,  Sadowsky,  D.  A.,  Henderson,  W.  G.  and  Van  Buren,  J.  M. 
An  assessment  of  cognitive  function  in  postthalamotomy  Parkinson 
patients.   Conf .  Neurol. ,  in  press. 


17g 


Serial  No.  NDS(I)  -  56  SN/OC  304(c) 

1.  Surgical  Neurology  Branch 

2.  Office  of  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Effect  of  Lesions  Upon  the  Function  and  Structure  of  the 
Human  Central  Nervous  System 

Previous  Serial  Number:   Same 

Principal  Investigator:   J.  M.  Van  Buren,  M.  D. 

Other  Investigators:   R.  C.  Borke,  B.  S. 

Cooperating  Units:   None 

Man  Years 

Total:  2.4 

Professional:  0.3 

Other:  2.1 

Project  Description: 

Objective:  This  project  is  directed  toward  the  study  of  basic  neuro- 
anatomy and  neurophysiology  in  man,  making  use  of  pathological  material  and 
the  opportunities  for  study  afforded  by  the  operative  treatment  of  neuro- 
logical disease. 

Methods  Employed; 

Anatomical  studies: 

1.  Serial  sections  of  human  and  animal  brains  in  celloidin  for  myelin 
and  Nissl   series. 

2.  Section  and  staining  of  primate  brains  with  Nauta  technique  for 
demonstration  of  degenerating  pathways. 

Major  Findings: 

1.   In  the  past  year  the  two-volume  work  on  the  human  thalamus, 
VARIATIONS  AND  CONNECTIONS  OF  THE  HUMAN  THALAMUS,  VOLUME  I~THE  NUCLEI  AND 
CEREBRAL  CONNECTIONS  OF  THE  HUMAN  THALAMUS,  and  VOLUME  II~VARIATIONS  OF  THE 
HUMAN  DIENCEPHALON,  has  gone  to  Springer-Verlag.   The  subsequent  work  in 
preparing  the  volumes  for  publication  has  been  unexpectedly  time  consuming. 
Considerable  rearrangement  of  material  to  fit  the  printing  format  was 
required.  The  galley  proofs  and  then  finally  the  page  proofs  required  much 
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revision  as  well  as  the  preparation  of  a  3000  entry  index.   Thus  the  page 
proofs  and  index  of  Volume  I  were  sent  in  in  final  form  in  April  1972,  and 
it  is  anticipated  that  the  material  for  Volume  II  will  be  finally  finished 
before  June  1972.  According  to  the  advertising  literature  from  Springer, 
the  cost  of  the  volumes  will  be  $192.00.   This  is  considered  unfortunate 
since  it  may  limit  the  circulation  of  the  volumes.   Supplemental  money  from 
NINDS  to  lower  the  book  cost  may  be  requested. 

2.   Studies  of  the  corticothalamic  and  ascending  cerebellar  and  medial 
lemniscal  connections  of  the  lateral  ventral  thalamus  have  received  intensive 
study  in  the  chimpanzee. 

On  the  basis  of  experience  in  human  thalamic  reconstruction  studies 
(Van  Buren  and  Borke,  in  press),  the  n.  ventralis  lateralis  of  Walker  (1938) 
has  been  divided  into  a  dorsal  portion  (n.  dorsooralis)  and  a  medial  and 
lateral  ventral  portions  (n.  ventrooralis  externus  et  internus).   In  addition, 
the  anterior  portion  of  the  n.  ventralis  posterior  of  Walker  (n.  ventralis 
posterior  lateralis,  pars  oralis,  Olszewski,  1952)  has  been  separated  cyto- 
architecturally  as  the  n.  ventrointermedius. 

Degeneration  crossing  the  brain  stem  through  the  red  nucleus  and  its 
adjacent  area  of  the  brain  stem  following  section  of  the  superior  cerebellar 
peduncle  in  the  chimpanzee  enters  the  n.  ventrointermedius  and  adjacent 
regions  of  the  n.  ventrooralis  externus  most  profusely.   Scattered  fibers 
run  as  far  forward  as  the  thalamic  pole  (n.  lateropolaris)  and  posteriorly 
into  the  n.  centralis-parafascicularis  complex  and  the  intralaminar  nuclei. 
The  n.  ventrocaudalis  or  posterior  portion  of  n.  ventralis  posterior  is 
avoided  by  these  fibers.   Degeneration  clearly  enters  the  dorsal  portion 
(n.  dorsooralis)  and  the  ventral  medial  part  (n.  ventrooralis  internus). 
These  two  divisions  have  been  found  to  degenerate  after  premotor  lesions  in 
man  and  thus  share  the  cortical  projection  area  of  n.  medialis  (n.  medialis 
dorsalis).   This  association  may  be  of  functional  importance  in  the  elabora- 
tion of  motor  activity. 

Anatomical  studies  in  the  macaque  have  established  that  the  efferent 
fibers  of  the  superior  cerebellar  peduncle  terminate  in  the  "n.  ventralis 
lateralis"  while  the  posterior  column  nuclei  project  to  the  "n.  ventralis 
posterior"  of  the  thalamus.   Hassler  (1949,  1950,  1959),  on  the  basis  of 
questionable  human  material,  postulated  that  the  cerebello-rubral  inflow 
terminated  in  his  small  celled  "n.  ventrooralis  posterior,"  vestibular 
connections  ended  just  posterior  to  V.o.p.  in  the  large  celled  "n.  ventro- 
intermedius externus,"  and  the  medial  lemniscal  projections  could  be  traced 
caudal  to  V.im.e.  in  his  "n.  ventrocaudalis." 

Several  difficulties  are  encountered  in  the  interpretation  of  these 
studies:   (1)  Much  of  the  evidence  was  derived  from  Marchi  studies;  there- 
fore, the  cytoarchitectural  identity  of  the  individual  thalamic  nuclei  cannot 
be  verified;  (2)  Evidence  acquired  from  a  lower  species  is  difficult  to 
transfer  to  a  higher  species;  (3)  The  nomenclature  used  by  authors  to 
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delineate  the  various  subdivisions  of  the  thalamus  is  not  consistent.   In 
order  to  elucidate  some  of  these  difficulties  the  following  study  was 
initiated.   Since  suitable  human  material  was  not  available,  lesions  of  the 
superior  cerebellar  peduncle  and  the  n.  gracilis  were  made  in  adolescent 
chimpanzees  and  fiber  degeneration  was  studied  in  Nauta  stained  sections. 
Adjacent  sections  stained  with  LFB-CV  were  used  to  identify  the  architectonic 
characteristics  of  the  individual  thalamic  nuclei.   Crossed  degeneration  from 
the  superior  cerebellar  peduncle  entered  V.im.  exclusively  and  then  spread 
anteriorly  and  superiorly  in  the  lateroventral  thalamic  region.   No  degenera- 
tion entered  V.c;  however,  crossed  lemniscal  projections  could  be  traced  to 
V.c.  with  some  intermingling  in  the  inferior  portion  of  V.im. 

In  retrospect,  the  term  n.  ventralis  intermedins  was  used  by  Walker 
(1938)  but  was  neglected  in  his  later  work.   This  division  was  recognized  by 
Olszewski  (1952)  under  the  term  n.  VPLo  but  was  considered  to  be  part  of  the 
sensory  relay  nucleus.   V.im.  shows  a  relative  increase  in  prominence  in  the 
chimpanzee  and  even  more  in  man. 

These  studies  show  that  the  cerebello-sensory  division  occurs  within  the 
large  celled  lateroventral  thalamic  nuclei  (between  V.im.e.  and  V.c.)  rather 
than  at  the  junction  of  the  large  celled  nuclei  and  the  rostral  smaller  celled 
nuclei  of  the  lateroventral  thalamic  mass. 

Significance  to . Bio-Medical  Research  and  the  Program  of  the  Institute: 
The  completion  of  the  human  thalamic  atlas  forms  the  basis  for  indirect 
anatomical  control  of  electrode  stimulation  and  recording  sites  in  the  human 
diencephalon.   Thus  a  basis  is  established  for  continued  meaningful  work  in 
man.   The  importance  of  adequate  means  for  neurophysiological  and  motor  test- 
ing have  been  emphasized  elsewhere  to  make  use  of  this  anatomical  control. 

Proposed  Course  of  Project:   Work  is  being  undertaken  to  continue  recon- 
struction studies  of  lesions  of  the  basal  ganglia,  particularly  with 
correlation  with  the  clinical  aspects  of  the  material  and  the  secondary 
degeneration  in  other  nuclei  of  the  brain  stem  and  diencephalon.   It  is  hoped 
that  this  material  will  give  a  better  understanding  to  the  operation  of 
thalamotomy  which  is  heavily  burdened  by  empiricism. 

Preliminary  studies  on  a  combination  of  the  EM  techniques  and  the  Golgi 
techniques  will  continue.   The  preliminary  work  has  shown  a  number  of  serious 
difficulties  in  studies  of  this  type. 

Honors  and  Awards :  None 

Publications : 

Van  Buren,  J.  M.  and  Borke,  R.  C. :   A  re-evaluation  of  the  "nucleus 
ventralis  lateralis"  and  its  cerebellar  connections.  A  study  in  man  and 
chimpanzee.   Intern.  J.  Neurol. ,  in  press. 
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Van  Buren,  J.  M.  assisted  by  Borke,  R.  C:   Variations  and  Connections 
of  the  Human  Thalamus,  The  Nuclei  and  Cerebral  Connections  of  the  Human 
Thalamus .   Heidelberg,  Springer-Verlag,  in  press.  Volume  I. 

Van  Buren,  J.  M.  and  Borke,  R.  C:   Variations  and  Connections  of  the 
Human  Thalamus,  Variations  of  the  Human  Diencephalon.   Heidelberg , 
Springer-Verlag,  in  press.  Volume  II. 
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1.  Surgical  Neurology  Branch 

2.  Office  of  Chief 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 


Project  Title:   Trauma  of  the  Nervous  System.   Experimental  and  Clinical 
Studies  of  the  Neural  Response  to  Injury. 


Previous  Serial  Number 
Principal  Investigator 
Other  Investigators 


Same 

A.  K.  Ommaya,  M.D.,  F.R.C.S.,  F.A.C.S. 

S.  Nakatani,  M.D.,  T.  A.  Gennarelli,  M.D., 

L.  Thibault,  M.S.,  R.  M.  Mahone,  M.S., 

B.  Bhussri,  Ph.D.,  and  A.  Luessenhop,  M.D. 


Cooperating  Units: 


Protection  Systems  Branch  and  Design  Applications 
Branch,  NSRDC;  Division  of  Research  Services,  Bio- 
medical Engineering  and  Instrumentation  Branch,  NIH; 
Departments  of  Anatomy  and  Surgery  (Division  of 
Neurosurgery),  Georgetown  University  School  of  Medicine. 


Man  Years 


Total:  2.0 
Professional:  1.0 
Other:         1.0 

Project  Description: 

Objectives: 

1.  To  understand  the  mechanisms  of  mechanical  trauma  to  the 
nervous  system  and  its  responses  to  grades  of  such  trauma. 

2.  To  design  rational  methods  for  protection,  prevention,  and 
treatment  of  trauma  to  the  brain  and  spinal  cord. 

Methods ; 

1.  Utilizing  a  programmable  head  accelerating  device  (HADII)  sub- 
human primates  to  controlled  head  accelerations,  separating  the  injurious 
effects  of  linear  and  rotational  components  of  rigid  body  head  motions. 

2.  Utilizing  a  programmable  indenter  and  set  of  microballoon  probes, 
ascertain  the  effect  of  controlled  brain  distortions  at  varying  sites  in 

the  rhesus  monkey. 


23  g 


Serial  No.  MPS (I) -62  SN/OC  907(c) 

3.  Utilize  histochemical  techniques  to  determine  the  role  of  bio- 
genic amines  in  the  sequelae  of  neural  trauma. 

4.  Utilize  mathematical  and  physical  models  to  provide  the 
theoretical  basis  for  utilization  of  the  experimental  data  in  the  develop- 
ment of  tolerance  curves  predicting  neural  trauma  onset  in  man. 

Major  Findings; 

1.  Preliminary  results  with  the  HAD-II  device  show  that  at 
equivalent  levels  of  linear  acceleration,  pure  translation  of  the  head  does 
not  cause  concussion,  this  being  produced  only  when  head  rotation  is  allowed 
under  such  non-skull  deforming  inertial  loads.   Both  translation  and  rotation 
can  produce  visible  brain  lesions  however,  the  former  tending  to  produce 
intracerebral  hematomas  and  contusions  more  easily  than  the  surface 
hemorrhages  associated  with  head  rotation. 

2.  Somatosensory  cortical  evoked  potentials  (SER)  recorded  from 
epidural  electrodes  in  chimpanzees  reveal  very  good  correlation  with  the 
duration  of  traumatic  unconsciousness.   The  recovery  cycle  of  such  changes 
in  the  SER  is  now  being  studied  in  other  primates  subjected  to  varying 
grades  of  neural  trauma. 

3.  The  critical  rate  of  brain  distortion  required  to  evoke  the 
Gushing  reflex  has  been  found  to  be  =  .02  ml/minute  (in  rhesus  monkey). 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

1.   The  HAD-II  (and  forthcoming  HAD-III)  devices  provide  for  the 
first  time  a  facility  to  control  the  many  impact  variables  studied  in  "black- 
box"  fashion  by  our  earlier  techniques.   The  establishment  of  how  the 
mechanical  input  variables  of  rigid  body  motions  of  the  head,  normal  mode 
oscillations  of  the  skull  as  a  shell,  and  skull  bending  contribute  to  the 
biologic  response  variables  of  cerebral  concussion  (traumatic  unconsciousness) 
visible  brain  lesions  and  skull  fracture  will  be  determined  quantitatively. 
These  results  in  combination  with  the  understanding  of  the  mechanism  of 
traumatic  lesion  progression  provided  by  the  focal  contusion  experiment  will 
serve  to  lay  the  foundations  for  a  definitive  and  rational  system  of 
protection  of  the  head  and  neck  in  trauma  as  well  as  delineating  avenues  for 
improved  therapeutic  methods  of  combating  the  sequelae  of  head  and  neck 
injuries. 

Proposed  Course: 

1.  Experiments  with  the  HAD-III  device  (now  under  construction)  will 
enable  us  to  obtain  data  in  three  primate  species  for  scaling  purposes. 

2.  Experiments  in  human  cadavers  now  being  planned  and  to  be 
conducted  in  the  Department  of  Anatomy,  Georgetown  University  School  of 
Medicine  will  provide  essential  data  for  completing  our  scaling  studies  and 
development  of  injury  tolerance  curves. 
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3.   Histologic  and  histochemical  studies  to  be  carried  out  by 
Dr.  Nakatani  will  elucidate  the  role  of  the  vascular  system  in  the  sequelae 
of  head  injury.   The  apparatus  and  facilities  for  such  studies  are  almost 
near  completion. 

Honors  and  Awards:  None 

Publications: 

Boretos,  J.W.,  Bourke,  R.S.,  Nelson,  K.M.,  Naiamann,  R.A.,  and 
Ommaya,  A.K. :   Technique  for  unilateral  isolation  of  the  subdural 
space  in  the  intact  primate.   J.  Neurosurg.  35:  101-107,  1971. 

Gennarelli,  T.A.,  Thibault,  L.,  and  Ommaya,  A.K.:   A  comparison 
of  linear  and  rotational  acceleration  in  the  production  of  cere- 
bral concussion.   Proceedings  of  the  15th  Stapp  Car  Crash  Conference 
1971.   New  York  Society  of  Automotive  Engineers  (In  press) . 

McCullough,  D.,  Nelson,  K.M.,  and  Ommaya,  A.K. :   The  acute  effects 
of  experimental  head  injury  on  the  vertebrobasilar  circulation: 
Angiographic  observations.   J .  Trauma  11:  422-427,  1971. 

Ommaya,  A.K.,  Geller,  A.,  and  Parsons,  L.C.:   The  effect  of  experi- 
mental head  injury  on  one-trial  learning  in  rats.   Intern.  J.  Neuro- 
science  1:  371-378,  1971. 

Ommaya,  A.K.,  Grubb,  R.L.,  Jr.,  and  Naumann,  R.A,:   Coup  and  concre- 
coup  injury:   Observations  on  the  mechanics  of  visible  brain  injuries 
in  the  rhesus  monkey.   J.  Neurosurg    35:  503-516,  1971. 

Sass,  D.J.,  Corrao,  P.,  and  Ommaya,  A.K.:   Brain  motion  during 
vibration  of  water  immersed  rhesus  monkeys.   J.  Biomechanics  4: 
331-334,  1971. 
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1.  Surgical  Neurology  Branch 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:  Single  Cell  Discharges  from  Various  Nervous  Structures  and 
Their  Functional  Organization  in  Particular  Reference  to 
Somatosensory  Activity  in  Man 

Previous  Serial  Number:  SAME 

Principal  Investigators:  Choh-luh  Li,  M.D.,  Ph.D.,  John  Van  Buren,  M.D.,  Ph.D. 

Other  Investigators:  None 

Cooperating  Units:  None 

Man  Years: 

Total:   .  0.2 

Professional:  0.2 

Other:  0.0 

Project  Description: 

Objective:  To  study  the  activity  of  single  nerve  cells  in  the  cerebral 
cortex  and  subcortical  nuclei  in  relation  to  motor  and  sensory  functions. 

Methods  Employed:  Two  micro-electrodes  are  placed,  one  in  the  motor 
cortex  and  the  other  in  the  thalamus  of  patients  undergoing  operative 
procedures.  The  other  parameters,  e.g.  EEC,  EMG,  are  also  measured  in  response 
to  motor  movement  or  sensory  stimulation. 

Major  Findings:  Some  cells  in  the  motor  cortex  were  found  to  be  active 
in  close  relation  to  motor  movement,  such  as  Parkinson  tremors,  voluntary 
flexors  or  extension  of  the  opposite  extremity.  A  few  showed  suggestive 
evidence  that  the  activity  is  dependent  upon  the  activity  of  the  thalamic 
neurons. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  program  will  add  to  our  knowledge  of  normal  and  abnormal  functions  of  the 
motor  system  in  man. 

Proposed  Course  of  Project:  Multiple  microelectrodes  implanted  in 
various  structures  of  the  striatum  to  record  simultaneously  the  activity  of  the 
cells  for  long  periods  and  to  study  the  correlation  of  this  activity  and  the 
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specific  motor  mavement  of  the  patient  will  be  a  great  leap  forward  in  this 
line  of  research. 

Honors  and  Awards:  None 

Publication: 

Li  J  C.-l.,  and  Van  Buren,  J.  M.:  Micro-electrode  recordings  in  the 
brain  of  man  with  particular  reference  to  epilepsy  and  dyskinesia. 
Proceedings  of  Symposium  "Neurophysiology  Studied  in  Man,"  Paris, 
July  20-22,  1971  (in  press) 
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1.  Surgical  Neurology  Branch 

2.  Office  of  Chief 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 


Project  Title:   Glial  Tiimors  of  the  Nervous  System 

Previous  Serial  Number:   Same 

Principal  Investigator:  A.  K.  Ommaya,  M.D.,  F.RoC.S.,  F.A.C.S. 

Other  Investigators:   Leland  Albright,  M.D.  and  V.  T.  Marchesi,  M.D.,  Ph.D. 

Cooperating  Units:   Laboratory  of  Experimental  Pathology,  NIAMD 

Man  Years 

Total:  .8 
Professional:  .4 
Other:        .4 

Project  Description: 

Objectives; 

1.  To  develop  improved  chemotherapeutic  control  of  inoperable 
gliomas. 

2.  To  isolate  tumor  specific  antigens  from  human  glial  tumors. 

3 .  To  develop  immunotherapeutic  methods  for  prevention  and  treat- 
ment of  glial  tumors. 

Methods  Employed: 

1.  The  cerebrospinal  fluid  reservoir  designed  by  the  principal 
investigator  has  been  connected  to  a  new  device  called  a  "tumor  cyst 
prosthesis."  This  allows  repeated  sampling  from,  instillation  within, 
the  ttimor  mass. 

2.  Patients  with  histologically  verified  glioblastoma  multiforme 
and  malignant  astrocytomas  (Grade  III  or  IV)  are  selected.  Adequate 
standard  therapy  (surgical  decompression,  radiation)  and  the  extent  of 
neurological  deficit  and  intracranial  mass  anatomy  is  established  clinically 
and  neuroradiologically. 

3.  Cerebrospinal  fluid  reservoirs  are  inserted  to  provide  portals 
for  infusion  chemotherapy  via  the  tumor  cyst  prosthesis. 
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4.  A  program  of  combined  chemotherapy  utilizing  oral  CCNU  130  mgm/sq. 
meter  body  surface  and  intratumoral  8-Azaguanine  100  mgm  by  infusion  is 
started,  the  oral  drug  being  given  for  six  doses,  one  dose  per  6-8  week 
period  or  until  onset  of  liver  or  marrow  disturbance.   The  intratumoral  drug 
is  given  twice  a  week  for  six  weeks  and  then  twice  a  month  for  one  year  and 
once  a  month  indefinitely  after  that. 

5.  Samples  of  tumor  cells  and  fluid  from  within  the  prosthetic 
cyst  are  being  used  for  isolation  of  tumor  specific  antigens  by  techniques 
based  on  the  experiments  of  Gold  et  al. 

6.  In  addition  to  the  searcTffor  immunologic  response  indices  other 
indices  for  tumor  response  to  therapy  are  also  being  investigated. 

Major  Findings: 

1.  Twelve  patients  have  been  treated  adequately  in  the  new 
protocol  to  date.  Of  these,  six  are  dead,  all  due  to  regrowth  of  the" 
tumor.   Six  are  alive  and  three  of  these  have  shown  encouraging  quality 
and  durability  of  survival  exceeding  2  years  with  evidence  of  minimal  tumor 
recurrence. 

2.  Apparently  "tumor-specific"  glycoproteins  have  been  isolated 
from  samples  of  glioma.   Such  glycoproteins  were  present  in  large  amounts 
in  glioblastoma  tissue,  in  smaller  amounts  in  epileptic  brain  tissue  and 
in  higher  amounts  in  fetal  brain  tissue. 

3.  Skin  testing  of  patients  with  and  without  gliomas  is  providing 
data  concerning  the  quality  of  delayed  hypersensitivity  reactions  to  DNCB 
and  common  skin  antigens.   This  provides  data  of  possible  prognostic 
significance. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute; 

Successful  maintenance  of  a  small  tumor  mass  after  initial  surgical 
and  chemical  reaction  of  the  tumor  volume  will  improve  the  presently  in- 
adequate treatment  of  glial  tumors  of  the  nervous  system  and  hopefully 
extend  clinical  cures  to  patients  with  glioblastoma  multiforme  and  other 
malignant  gliomas.   The  development  of  immunotherapeutic  methods  could 
conceivably  lead  to  preventive  techniques  of  brain  tumor  management.   Study 
of  our  results  to  date  (less  than  one  year  of  work)  indicate  that  the  best 
results  are  found  in  younger  patients  who  can  withstand  the  initial  surgical- 
chemical  tumor  reduction. 

Proposed  Course: 

Because  immunologic  diagnostic  and  therapeutic  techniques  hold  the 
most  promise  we  will  be  concentrating  our  work  on  this  approach  in  addition 
to  perfecting  our  current  "combined  chemotherapy." 

Honors  and  Awards:   None 

Publications :   None 
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1.  Surgical  Neurology  Branch 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:  EEG  Learning  Correlates  using  Scalp  and  Intracranial  Depth 
Electrodes. 

Previous  Serial  Number:  SAME 

Principal  Investigator:  Paul  Fedio,  Ph.D.  and  William  Sheriff,  M.A. 

Other  Investigators:  J.  Van  Buren,  M.D.,  Ph.D.;  A.  Ommaya,  F.R.C.S.  and 

J.  Bryan,  M.A. 

Cooperating  Units:  Laboratory  of  Psychology,  NIMH;  Section  on  Technical 

Development,  NIMH 

Man  Years: 

Total:   ^  .3 

Professional:  .2 

Other:  .1 

Project  Description: 

Objectives:  To  identify  the  location  and  function  of  cerebral 
mechanisms  in  man  which  mediate  perception,  and  the  storage  and  retrieval  of 
information. 

Methods  Employed:  An  auditory  closure  task  consisting  of  discrete 
acoustic  information  was  used,  the  stimuli  being  patterned  to  yield  either 
meaningful  or  nonsense  bits  of  information.  Electrographic  (EEG)  activity 
from  scalp  electrodes  positioned  over  the  left  and  right  hemispheres  was 
recorded.  Several  groups  of  neurosurgical  patients  were  included  for  study: 
patients  who  underwent  unilateral  temporal  lobe  resections;  patients  with 
chronic,  indwelling  electrodes  implanted  in  the  thalamus  or  temporal  lobe. 

Major  Findings:  All  electrographic  test  runs  were  conducted  off  line. 
At  the  present  time,  computation  of  the  evoked  potential  data  is  being 
programmed  for  analysis  by  the  PDP-12  which  was  recently  installed  in  the 
laboratory. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Behavioral  data  available  from  patients  following  unilateral  temporal  lobectomy 
reveal  significant  perceptual  and  learning  deficits,  dependent  upon  the 
laterality  of  temporal  surgery  and  the  verbal  or  nonverbal  character  of  the 
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material.  The  technique  employed  in  this  project  affords  a  more  precise 
method  for  examining  participation  by  cortical  and  subcortical  structures 
during  the  course  of  perception  and  learning  and  modification  of  human 
behavior. 

Proposed  Course  of  the  Project:  To  develop  additional  tasks  and 
programs  for  EEG  data  analysis  with  wider  application  to  patients  with 
different  neurologic  disorders. 

Honors  and  Awards:  None 

Publications:  None 
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1.  Surgical  Neurology  Branch 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland  20014 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:  Changes  in  Physiological  Properties  of  Brain  Tissue  at  Low 
Temperatures  and  in  Other  Pathological  Conditions 

Previous  Serial  Number:  SAME 

Principal  Investigator:  Choh-luh  Li,  M.D.,  Ph.D. 

Other  Investigators:  Joseph  Fenstermacher,  Ph.D.,  Barbro  Johansson,  M.D. 

Cooperating  Units:  C-LCP 

Man  Years: 

Total:  0.0 

Professional:  0.0 

Other:  0.0 

Project  Description: 

Objective:  To  determine  the  resistivity  of  nervous  tissues  under 
various  neurosurgical  conditions. 

Methods  Employed:  Cats  under  Fluothane  anesthesia,  hypothermia, 
hypertension,  etc.  were  used.  In  one  experiment,  a  monkey  was  used  who  was 
subjected  to  electrical  measurements  for  a  period  of  two  months.  The  method 
of  measuring  electrical  resistance  of  the  tissue  was  previously  described 
(Li,  et  al.  1968),  With  this  method,  the  results  were  applied  to  the  Maxwell's 
Equation  and  the  extracellular  space  of  the  tissue  was  calculated.  The 
calculated  extracellular  space  was  then  compared  with  the  findings  obtained  by 
the  concentration  profiles  of  radioactively  labeled  compounds  following 
subarachnoid  perfusion.  The  brains  of  the  animal  after  the  experiment  were 
fixed,  sectioned  and  stained  with  Luxol  Fast  Blue-Nissl  and  Luxol  Fast  Blue-PAS 
stains  for  histological  examination. 

Major  Findings:  The  extracellular  space  of  the  cat's  cerebral  cortex 
was  found  to  be  between  15  and  20%  and  was  unchanged  when  the  temperature  of 
the  cortex  was  decreased  from  37  to  15°  C.  The  rate  of  CSF  formation  was, 
however,  found  to  be  markedly  reduced  by  hypothermia. 

In  another  series  of  experiments,  a  sudden  increase  of  systemic  blood 
pressure  by  90  mmHg  was  found  to  break  down  the  blood  brain  barrier.  With  the 
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blood  brain  barrier  broken  down,  the  activity  of  the  nerve  cells  was  found  to 
be  changed  or  inhibited. 

The  results  from  experiments  on  brain  edema  show  changes  in  the  level 
of  consciousness  which  are  still  being  subjected  to  analysis. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Change  in  extracellular  space  may  be  a  measure  of  extracellular  or  intracellular' 
edema  of  the  cells.  The  latter,  in  turn,  is  a  measure  of  the  metabolic  response; 
of  the  nerve  cells  to  various  pathological  or  physiological  conditions.  It  is 
hoped  that  the  method  herewith  described  will  be  applied  to  neurosurgical 
patients  as  a  measure  of  the  progress  or  improvement  of  the  neurological 
conditions. 

Proposed  Course  of  the  Project:  Further  study  along  this  line  will  be 
made  when  more  supportive  research  personnel  are  available  and  when  the 
previous  collected  data  are  published. 

Honors  and  Awards:  None 

Publications:  None 
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1.  Surgical  Neurology  Branch 

2.  Office  of  Chief 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 


Project  Title:   Surgery  of  the  Spinal  Cord 

Previous  Serial  Number:   Same 

Principal  Investigator:   A.  K.  Ommaya,  M.D.,  F.R.C.S.,  F.A.C.S. 

Other  Investigators:   G.  Di  Chiro,  M.D. 

Cooperating  Units:   None 

This  project  has  been  terminated. 
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1.  Surgical  Neurology  Branch 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:  Response  Modulation  by  the  Limbic  System  in  Man: 

Neuropsychological  and  Physiological  Changes  with  Amygdaloid 
and  Cingulate  Lesions 

Previous  Serial  Number:  SAME 

Principal  Investigators:  Paul  Fedio,  Ph.D.  and  Ayub  K.  Ommaya,  F.R.C.S. 

Other  Investigators:  J.  Van"  Buren,  M.D.,  Ph.D.;  T.  Zahn,  Ph.D.  and 

W.  Sheriff,  M.A. 

Cooperating  Units:  Laboratory  of  Psychology,  NIMH  and  Section  on  Technical 

Development,  NIMH 

Man  Years: 

Total:  .3 

Professional:  .2 

Other:  .1 

Project  Description: 

Objectives:  To  identify  structural -functional  interplay  of  brain 
mechanisms  which  regulate  intellectual  and  emotional  behavior  in  man. 

Methods  Employed:  Therapeutic  benefits  from  bilateral  cingulomotomy 
in  reducing  'appreciation  of  pain'  are  examined  by  standard  psychophysiologic 
measures  before  and  after  surgery.  Performance  on  perceptual  and  short-term 
memory  tasks  was  also  studied  during  electrical  stimulation  of  chronic 
electrodes  implanted  in  the  cingulum  and  other  structures  of  the  limbic  system. 

Major  Findings:  Patients  undergoing  bilateral  cingulomotomy  for  the 
relief  of  pain  were  examined  on  standard  clinical  tests  of  intelligence  and 
memory.  Prior  to  therapeutic  coagulation,  patient  performance  was  monitored 
during  electrical  stimulation  with  electrodes  chronically  implanted  in  the 
left  and  right  cingulum. 

A  severe  impairment  in  recall  for  verbal  memoranda  followed  left,  but 
not  right,  cingulum  stimulation.  A  reverse  pattern  was  observed  with  right 
cingulum  stimulation  where  the  patient  was  unable  to  remember  visual  stimuli 
■that  could  not  be  easily  decoded  into  verbal  elements.  Further  inspection  of 
the  memory  disorder  showed  that,  while  sparing  perceptual  processes,  left  and 
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right  cingulum  stimulation  may  have  upset  the  control  mechanisms  responsible 
for  retrieving  information  from  short-term  memory  storage.  Independent 
observations  have  implicated  the  hippocampal  complex  as  a  vital  neural  link 
in  the  memory  chain. 

Psychometric  observations  after  bilateral  cingulomotomy  failed  to 
reveal  comparable  deficits  in  memory  and  intellectual  achievement.  This 
apparent  dissociation  of  stimulation-lesion  effects  in  the  presence  of 
clinical  improvement  adds  support  to  the  view  that  the  cingulum  may  modulate 
emotional  behavior.  These  structures  in  some  fashion,  energize  the  more 
distal,  hippocampal  complex  to  receive  specific  information  and  to  hold  events 
in  a  memory  reserve. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
This  project  provides  an  opportunity  to  define  precise  behavioral  and 
autonomic  concomitants  of  limbic  functions  in  man.  The  observations  contribute; 
to  a  better  understanding  of  neuropsychologic  mechanisms  involved  in  the 
perception  of  pain  and  stress. 

Proposed  Course  of  the  Project:  To  continue  the  study  and  to  extend 
the  protocol  to  include  patients  subject  to  therapeutic  lesions  in  the 
temporal  lobe. 

Honors  and  Awards:  None 

Publications:  None 
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1.  Surgical  Neurology  Branch 

2.  Office  of  Chief 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 


Project  Title:   Neural  Mechanisms  for  Learning  and  Memory 

Previous  Serial  Number:   Same 

Principal  Investigator:   A.  K.  Ommaya,  M.D.,  F.R.C.S.,  F.A.C.S. 

Other  Investigators:  P.  Fedio,  Ph.D.,  J.  Bossom,  Ph.D.,  and 

D.  Levine,  M.D. 

Cooperating  Units:   Primate  Laboratory,  Queens  College,  New  York; 

Laboratory  of  Neural  Control,  NINDS 

This  project  has  been  terminated. 


39  g 


Serial  No.  NDS(I)-68  SN/OC  1526(c) 

1.  Surgical  Neurology  Branch 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:  The  Epileptic  Neurons  and  Their  Recurrent  Axon  Collaterals 

Previous  Serial  Number:  SAME 

Principal  Investigator:  Choh-luh  Lis  M.D.,  Ph.D. 

Other  Investigators:  Claire  Parsons,  Ph.D.  and  Levon  Parker,  B.S. 

Cooperating  Units:  None 

Man  Years: 

Total:  0.2 

Professional:  0.2 

Other:  0.0 

Project  Description:  .  ' 

Objective:  To  study  the  electrical  properties  of  the  individual  nerve 
cells  in  the  cerebral  cortex  under  normal  and  induced  pathological  conditions. 

Methods  Employed:  Glass  micropipette  electrodes  were  inserted  into  the 
cells  in  the  motor  cortex  of  anesthetized  cats.  The  electrical  activity  of 
the  cells  were  recorded;  and,  thereafter,  electrical  current  of  increasing 
intensity  was  applied.  The  electrical  resistance  of  the  cell  was  derived  from 
the  current- voltage  ratio  and  the  time  constant  of  the  cell  membrane  and 
capacitance  were  calculated.  This  was  carried  out  before  and  after  the 
application  of  strychnine  to  the  exposed  cortex. 

In  another  series  of  experiments  repetitive  electrical  stimulation  was 
applied  to  the  cortex  through  a  gross  electrode  adjacent  to  the  recording 
micropipette  electrode,  or  to  the  individual  cells  through  the  recording 
micropipette  electrode. 

Major  Findings:  Some  of  the  electrical  properties  of  cortical  neurons 
have  been  reported  previously.  The  preliminary  observations  suggest  that  they 
are  different  from  neurons  under  the  effect  of  strychnine.  For  instance,  the 
resistivity  of  normal  cortical  neurons  measures  (9.17  ±  2.68)  x  10^  ohms  while 
that  of  the  epileptic  neuron  was  found  to  be  in  the  order  of  5  to  6  x  10^  ohms. 
Further,  epileptiform  activity  of  the  cortex  requires  "synchronous"  presynaptic 
bombardments  and  there  is  good  evidence  of  negative  feedback  through  the  axon 
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collaterals  to  the  epileptic  neurons. 


;ignificance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
trical  properties  of  the  cell  determine  the  cell's  "natural"  behavi oi 


Sv 
The  electrical  properties  of  the  cell  determine  the  cell's  "natural"  behavior 
as  well  as  its  response  to  the  environment.  If  the  electrical  properties  of 
the  epileptic  neurons  are  different  it  seems  likely  that  any  effective 
treatment  will  restore  the  normal  electrical  properties.  Similarly,  the 
electrical  measurements  may  serve  as  a  criterion  of  the  effectiveness  of  the 
treatment  or  prognosis  of  the  epileptic  disorder. 

Proposed  Course  of  Project:  Further  investigations  will  be  carried  out 
to  determine  the  electrical  properties  of  nerve   cells  in  response  to  various 
convulsants  and  anticonvulsants. 

Honors  and  Awards:  None 

Publications:  None 
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1.  Surgical  Neurology  Branch 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:  Physiological  Mechanism  of  Motor  Function  in  the  Cat 

Previous  Serial  Number:  SAME 

Principal  Investigator:  Choh-luh  Li,  M.D.,  Ph.D. 

Other  Investigators:  Levon  Parker,  B.S. 

Cooperating  Units:  None 

Man  Years: 

Total:  0.3 

Professional:  0.2 

Other:  0.1 

Project  Description: 

Objective:  To  study  the  functional  organization  of  the  pyramidal  and 
extrapyramidal  pathways . 

Methods  Employed:  Intracellular  and  extracellular  micropipette 
electrodes  were  used  to  record  the  activity  of  the  nerve  cells  in  the  motor 
cortex  of  the  cat  and  stimulation  was  applied  to  the  basal  nuclear  structures. 
In  the  past  year  stimulation  was  applied  primarily  to  the  caudate  nucleus  and 
nucleus  ventral  is  lateralis  of  the  thalamus. 

Major  Findings:  The  discharges  of  cells  in  the  motor  cortex  increase 
or  decrease  and  the  membrane  potential  increases  or  decreases  in  response  to 
stimulation  dependent  upon  the  pre-stimulation  activity  of  the  cell  and  the 
duration  of  stimulation.  The  results  of  this  experiment  are  in  the  process  of 
analysis  for  publication. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
This  study  provides  further  information  about  the  interaction  of  the  pyramidal 
and  extrapyramidal  system  at  the  central  level.  The  present  investigator  is 
aware,  however,  that  the  regulatory  effect  of  the  extrapyramidal  system  on 
motor  function  may  also  be  found  in  the  cells  of  the  motor  cortex  itself 
because  only  4-5%  of  the  cells  in  the  motor  cortex  have  descending  axons  in  the 
medullary  pyramid.  The  accumulated  data  may  eventually  shed  some  light  on  the 
understanding  of  motor  function  or  dysfunction. 
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Proposed  Course  of  Project:  Experiments  have  been  planned  on 
unanesthetized  monkeys  for  the  further  study  of  the  motor  system.  These 
experiments  will  employ  multiple  microelectrodes  to  record  simultaneously 
single  cell  activity  from  various  nervous  structures.  The  activity  of  the 
cells  will  be  co-related  with  the  movement  of  the  monkey.  Thereafter, 
electrolytic  lesions  in  certain  basal  nuclei  will  be  made  and  clinical  evalua- 
tion and  electrophysiological  studies  will  be  repeated.  Therapeutic  agents 
such  as  L-dopa,  reserpine,  etc.  will  then  be  given  and  similar  clinical  and 
physiological  studies  will  be  carried  out. 

Honors  and  Awards:  None 

Publications:  None 
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1.  Surgical  Neurology  Branch 

2.  Office  of  the  Chief 

3.  Bethesdas  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:  Hemispheric  Development  and  Specialization  of  Intellectual 
Functions 

Previous  Serial  Number:  SAME 

Principal  Investigators:  Paul  Fedio,  Ph.D.  and  John  Van  Buren,  M.D.,  Ph.D. 

Other  Investigators:  A.  Ommaya,  F.R.C.S.;  N.  Butters,  Ph.D.  and 

I.  Samuels,  Ph.D. 

Cooperating  Units:  Veterans  Administration  Hospital,  Boston,  Massachusetts 

Man  Years: 

Total:  .8 

Professional:  .6 

Other:  .2 

Project  Description: 

Objectives: 

1.  Outline  neural  code  for  perceptual  and  memory  skills  which  support 
spatial  judgment  and  language  processes. 

2.  Compare  the  effects  of  brain  lesions  sustained  during  infancy  or 
adulthood  on  the  development  and  recovery  of  intellectual  abilities. 

Methods  Employed: 

1.  With  neurosurgical  patients  being  considered  for  unilateral  temporal 
lobectomy,  lateralization  of  speech  to  the  left  or  right  hemisphere  is 
determined  by  the  intracarotid  injection  of  Sodium  Amytal  (WADA  Technique). 
Verbal  behavior  (name-recall  on  a  serial  task)  was  continually  monitored  before 
and  after  left  and  right  intracarotid  injections  of  Amytal  to  provide  observa- 
tions on  baseline,  dysphasia  and  recovery  performance. 

2.  The  laterality  and  general  outline  of  cerebral  zones  instrumental 

in  perception  and  immediate  memory  of  verbal  and  nonverbal  material  were  mapped 
by  stimulation  of  the  cortex  during  neurosurgical  treatment  of  epileptic 
patients.  Behavioral  indices  during  stimulation  were  monitored  on  a  serial. 
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object-naming  task  and  a  random- form  discrimination  test,  each  with  a  short- 
term  memory  command. 

3.  A  profile  of  behavioral  losses  was  plotted  for  neurosurgical 
patients  with  local  damage  limited  to  the  frontal,  parietal  or  temporal  lobes. 
The  effects  of  brain  injury  were  assessed  on  several  tasks  requiring  orienta- 
tion and  complex  learning  of  objects  located  in  space. 

Major  Findings: 

1.  Amytal  irrigation  of  the  hemisphere  dominant  for  language  produced 
marked  slowing  in  the  recovery  of  basic  linguistic  skills  and  a  longer-lasting 
deficit  in  immediate  memory  for  verbal  material.  Conversely,  intracarotid 
injection  of  Sodium  Amytal  on  the  contralateral  side  yielded  no  anomia  and  had 
considerably  less  interference  upon  memory. 

Following  injection  of  Amytal,  usually  on  the  left,  the  uneven  recovery 
of  language  reflected  a  differential  threshold  to  drug  action  within  the 
hierarchy  of  cerebral  organization  of  language  processes.  At  an  elementary 
level,  neural  mechanisms  involved  in  motor  production  of  basic  speech  patterns 
appeared  to  be  spared  from  the  influence  of  Amytal,  regardless  of  left  or 
right  injection.  At  an  intermediate  level,  the  recovery  of  speech  and  test 
orientation  did  not  preclude  the  emergence  of  difficulty  in  naming  simple 
pictorial  objects. 

Finally,  the  drug  related  difficulties  in  response  integration  were 
most  exaggerated  in  memory  spheres.  Even  after  the  dysphasic  condition  was 
totally  remitted,  the  patients  showed  prolonged  impairment  in  short-term 
verbal  memory  demonstrated  by  an  inability  to  hold  and  to  recall  the  name  of 
a  single  object  that  had  been  correctly  identified  12  -  15  seconds  earlier. 

2.  Transient  dysphasia  was  induced  by  brief  electrical  stimulation  in 
conscious  neurosurgical  patients  of  sites  within  the  left  posterior  temporo- 
parietal cortex  (Wernicke's  Area).  Even  in  the  absence  of  anomia  or  perceptual 
faults,  stimulation  in  this  language  zone  elicited  a  marked  retrograde  loss  in 
rote  memorization  of  a  single  object  name.  This  is  apparently  due  to  a  failure 
in  the  mechanism  responsible  for  the  retrieval  of  previously  stored  information. 
In  contrast,  excitation  of  the  anterior,  lateral  temporal  neocortex  did  not 
interfere  with  object  identification  and,  instead,  resulted  in  an  anterograde 
memory  loss,  apparently  caused  by  a  defect  in  the  storage  mechanism. 
Comparable  stimulation  of  homologous  cortical  areas  on  the  opposite  or 
nondominant  language  brain  failed  to  disrupt  object  naming  or  immediate  verbal 
recall . 

In  contrast,  preliminary  findings  have  revealed  a  pattern  of  perceptual 
and  memory  difficulties  on  visual,  nonverbal  tasks  during  stimulation  of  the 
right  cerebral  cortex.  Perceptual  difficulties  were  reliably  demonstrated 
during  stimulation  of  the  posterior,  but  not  the  anterior,  temporo-parietal 
region  in  the  nondominant  verbal  brain.  Furthermore,  anterograde  and 
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retrograde  memory  errors  for  nonverbal  material  were  differentially  associated 
with  stimulation  of  the  anterior  and  posterior  cortical  areas  respectively. 

These  findings  support  the  general  premise  that  the  left  and  right 
brain  in  man  selectively  analyze  verbal  and  nonverbal  information,  and  that 
storage  and  retrieval  are  served  by  different  memory  mechanisms  located  in 
the  anterior  temporal  and  posterior  temporo-parietal  areas  within  each 
hemisphere. 

3.  Neurologic  patients  with  frontal,  parietal  or  temporal  lobe  damage 
are  deficient  in  orienting  or  referring  to  objects  positioned  in  space. 
Parietal-injured  patients  are  unable  to  rotate  objects  on  an  imaginary  level. 
Specifically,  these  patients  failed  to  make  spatial  differentiations  within 
an  array  of  several  external  objects  (extrapersonal  or  allocentric  disorder). 
Frontal  patients  had  deficits  on  tasks  requiring  spatial  discriminations  for 
objects  in  reference  to  their  own  body  (personal  or  egocentric  disorder). 
The  temporal  lobe  cases  had  no  significant  difficulty  in  terms  of  extrapersonal 
or  personal  manipulation  of  spatial  objects. 

In  a  separate  study  of  memory  defects,  patients  with  unilateral  removals 
of  the  left  or  right  temporal  lobe  were  compared  to  normal  control  subjects  and 
to  patients  with  parietal  lesions.  All  groups  received  several  tests  of  short- 
term  memory  for  visual  (patterns  and  consonant  trigrams)  and  auditory  (consonant 
trigrams)  material.  The  left  and  right-temporal -removal  patients  evidenced 
severe  retention  deficits  on  the  auditory  task,  but  had  normal  scores  on  the 
visual  memory  tests.  In  contrast,  the  parietal  patients  were  impaired  in  the 
visual  memory  test,  but  achieved  normal  performance  on  the  auditory  memory 
tests.  These  observations  depart  from  the  traditional  position  that  the 
human  brain  is  organized  on  a  strict  verbal-left,  nonverbal -right  asymmetry 
(material-specific  hypothesis).  Instead,  the  present  results  suggest  that  the 
temporal  lobe  may  deal  with  memory  for  acoustic  information  whereas  the 
parietal  lobe  may  account  for  visual  memory  (modality-specificity).  Additional 
study,  however,  is  needed  to  determine  whether  the  modality-specific  hypothesis 
applies  only  to  behavioral  situations  which  demand  immediate  or  short-term 
memory;  long  term  or  old  memories  may  in  contrast  be  stored  according  to  their 
material  content  (verbal  or  nonverbal). 

Two  additional  experiments  were  completed  and  formed  the  basis  for  a 
study  by  Mary  Helen  Spear,  Ph.D.  (Doctoral  dissertation  at  the  University  of 
Maryland).  In  this  research  project,  right  and  left  temporal  lobectomy 
patients  and  a  matched  group  of  normal  subjects  were  required  to  learn  rule- 
governed  systems:  if  A  =  B  and  B  =  C,  then  A  =  C.  All  epileptic  and  normal 
groups  performed  without  significant  errors  on  a  visual  recognition  task. 
The  left  temporal  cases,  however,  were  markedly  impaired  in  mastering  the 
transformation  for  a  miniature-language  system  and  were  unable  to  code  either 
verbal  or  nonverbal  material  in  an  organized,  systematic  manner.  The  right 
temporal  patients  showed  a  deficit  only  on  the  nonverbal  task  and  were  not 
troubled  in  formulating  verbal  or  language  dependent  rules. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  investigations  advance  understanding  of  the  development  and  organization 
of  structural -functional  relationships  in  the  human  central  nervous  system. 
The  information  also  attends  to  the  impact  of  cerebral  dysfunctioning  in 
producing  dysphasia,  dyslexia  and  kindred  language  disorders. 

Proposed  Course  of  the  Project:  The  assortment  of  visual  and  auditory 
tasks  will  be  modified  to  tap  immediate  and  long-term  memory  and  will  be 
presented  to  adult  patients  with  lateral ized  cortical  and  subcortical  lesions. 
Parallel  studies  of  interhemi spheric  relations  will  be  made  during  deep  brain 
stimulation  as  well  as  during  cortical  stimulation  of  patients  in  the  neuro- 
surgical operating  suite. 


Honors  and  Awards:  None 


Publications: 

Butters,  N.,  Soeldner,  and  Fedio,  P.:  Comparison  of  parietal  and 
frontal  lobe  spatial  deficits  in  man:  Extrapersonal  vs.  personal 
(egocentric)  space.  Percept.  Motor  Skills  34:  27-34,  1972. 

Samuels,  I.,  Butters,  N.,  and  Fedio,  P.:  Short  term  memory  disorders 
following  temporal  lobe  removals  in  humans.  Cortex  (in  Press). 
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1.  Surgical  Neurology  Branch 

2.  Section  on  Child  Neurology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  Clinical,  genetic,  biochemical  and  pathological  studies  of 
progressive  cerebral  degenerations,  mental  retardation  and 
cerebral  palsy. 

Previous  Serial  Number:   Same  and  incorporating  Serial  No,  NDS(I)-60  SN/CN  707(c) 

Principal  Investigator:  Anatole  S.  Dekaban,  M.D.,  Ph.D. 

Other  Investigators:   George  Constantopoulos,  Ph.D.  and  Kenton  R.  Holden,  M.D. 

Cooperating  Units:  None 

Man  Years: 


Total : 

1.3 

Professional: 

1.1 

Other : 

0.2  , 

Project  Description: 

Objectives;  Chronic  neurological  disorders  affecting  children  constitute 
one  of  the  greatest  medical  and  social  problems  of  our  times.  According  to 
conservative  estimates  for  this  country,  over  four  million  people  are 
permanently  handicapped  by  mental  retardation,  cerebral  palsy,  epilepsy  or 
progressive  cerebral  degeneration.  Many  of  them  have  to  be  cared  for  to  the 
end  of  their  life  by  the  joined  services  of  the  family,  society  and  government. 
Until  recently,  these  conditions  did  not  receive  sufficient  attention  in  the 
field  of  medical  research.   Our  main  objectives  are: 

1.  To  subdivide  the  patients  with  mental  retardation,  cerebral  palsy,  epilepsy 
and  progressive  cerebral  degenerations  into  logistic  clinical  categories  using 
developmental  and  neurological  examinations  along  with  special  laboratory 
procedures. 

2.  To  establish  presumptive  type  of  gross  brain  pathology  in  individual 
patients  such  as:  destructive  lesion,  malformation,  vascular,  metabolic, 
structural  static,  structural  progressive  -  using  pneumoencephalography, 
angiography,  as  well  as  histological  and  histochemical  examinations  of 
brain  biopsy  and  others. 

3.  To  apply  basic  biochemical,  structural,  and  special  genetic  methods  to 
the  patients  in  selected  categories  with  the  aim  of  advancing  the  underlying 
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etiology  and  pathogenesis. 

4 .   To  actively  seek  and  advance  the  novel  therapy  and  prevention  of  these 
chronic  diseases,  using  enzyme  enhensing  procedures  and  other  novel  medicationj 

Methods  Employed: 

1.  Detailed  general  medical  and  neurological  studies. 

2.  Developmental  and  psychological  examinations. 

3.  Modified  electroencephalographic  studies. 

4.  Genetic  and  cytogenetic  studies. 

5.  Employment  of  special  procedures  such  as  pneumoencephalography  and 
angiography  as  indicated. 

6.  Biochemical  assays  in  the  blood,  CSF,  and  urine  of  specific  proteins, 
lipid  and  carbohydrate  metabolism. 

7  .  Application  of  basic  biochemical  methods  to  live  brain  tissue  obtained 
during  diagnostic  biopsies.   Specifically:   (a)  determination  of  lipid  in 
the  cerebral  cortex  and  white  matter;  (b)  determination  of  content  and 
individual  brain  proteins;  (c)  determination  of  total  and  individual 
polysaccharides  and  (d)  determination  of  specific  enzjnne  activities. 

8.   Establishment  of  the  tissue  cultures  from  patients  with  metabolic 
disorders  and  their  utilization  for  biochemical  studies. 

Patient  Material;   25  inpatients  (a  total  of  810  patient  days)  and 
24  outpatients  were  studied  under  this  project. 

Major  Findings; 

I.  Congenital  retinal  blindness  (Leber)  is  a  complex  hereditary  disorder 
which  appears  to  be  frequently  associated  with  mental  retardation  and  various 
neurological  abnormalities.   The  total  or  subtotal  blindness  is  present  at 
birth  or  it  is  generally  recognized  within  the  first  year  of  life.   The 
condition  is  of  interest  to  many  specialists  for  several  reasons ;   1-  the 
presence  of  blindness  at  birth  calls  for  early  determination  of  the  site  and 
type  of  the  lesion;  2-  differentiation  between  cortical  vs.  perceptive 
blindness  in  very  young  children  can  be  a  difficult  diagnostic  problem; 
3-  congenital  retinal  blindness  is  frequently  associated  with   mental 
retardation  and  other  neurological  abnormalities. 

Table  1  shows  distribution  of  major  findings  in  our  thirteen  patients 
(six  families)  with  congenital  retinal  blindness.   In  all  these  patients, 
blindness  was  diagnosed  under  one  year  of  age.   Except  for  one  patient  who 
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was  17  years  of  age,  the  remaining  twelve  were  all  under  11  years  when  last 
examined.  The  diagnosis  of  congenital  retinal  blindness  was  confirmed  by 
ERG  in  12  (8  had  absence  of  potentials  and  4  markedly  decreased)  while  in 
one  sibling  this  test  was  not  done.  Mild  retinal  abnormalities  on  ophthalmo- 
logical  examination  were  present  in  eight  and  severe  in  five  patients. 

Mental  retardation  was  present  in  10  out  of  13  affected  patients;  three 
had  mental  retardation  and  epilepsy;  three  had  mental  retardation,  epilepsy 
and  cerebral  diplegia;  two  had  focal  neurological  signs  and  retardation,  and 
the  remaining  two  had  retardation  alone.  Renal  abnormality  was  also 
common,  being  present  in  4  out  of  13  cases.  Only  one  of  the  13  patients 
in  this  series  had  congenital  retinal  blindness  without  involvement  of  the 
brain  or  kidneys. 

DISTRIBUTION  OF  FINDINGS  IN  13  PATIENTS  WITH  CONGENITAL  RETINAL 
BLINDNESS  INVESTIGATED  ON  THE  CHILD  NEUROLOGY  SERVICE. 


Age  last 
examined 


Fundosc. 
Abnorm. 


ERG  Responses 

Absent  or 

Rudimentary 


Neurologic  Abnorm. 


Others 


all  under 
11  years 
except  one 
at  17  yrs. 


8  mild 
5  severe 


8-  absent 
4-rudimentary 
1-not  done 


2-retarded 
3-retard.  +  epil. 
3-retard.  +  focal 
signs  +  epil. 
2-retard  +  focal 
signs 


4-renal 

3-microcephaly 

1-cranial 

meningocele 
1-skeletal  malf . 
2-dwarfism 


These  findings  reflect  selection  bias,  since  we  were  admitting  patients  in 
young  age  group  predominantly.  Data  compiled  by  us  on  48  patients  of  all 
ages  from  the  literature  showed  the  incidence  of  severe  associated  neurological 
abnormality  or  mental  retardation  in  37.5%  of  cases  which  is  also  very  high. 

In  addition  to  advancing  diagnostic  criteria  (utilization  of  electroencephalograpl 
special  funduscopic  assessment)  of  the  syndrome  and  drawing  attention  to  the 
fact  that  one-third  of  these  patients  suffer  from  cerebral  abnormalities  and 
about  one-fourth  of  renal  abnormalities,  we  were  able  to  provide  some  evidence 
on  the  etiology  of  the  congenital  retinal  blindness.   Two  of  our  patients 
died  of  renal  failure  at  young  age.  We  were  able  to  show  clearly  complete 
absence  of  rods  and  only  a  single  row  of  cells  in  the  external  granular 
layer  with  defective  hypoplastic  cones.   Since  there  were  no  secondary  changes 
in  the  retina  present,  the  findings  are  compatible  with  true  malformation. 
This  is  further  strengthened  by  presence  of  congenital  polycystic  kidneys 
and  hypoplasia  of  the  cerebellum.   In  the  prepared  publication,  long  range 
management  of  these  patients  is  suggested. 

II.  Laurence-Moon-Biedl  sjmdrome.  This  is  a  hereditary  disorder  characterized 
by  structural  and  functional  abnormalities  of  organs  and  tissues  of  diverse 
embryonic  derivation.  The  five  principal  features  are  Polydactyly,  pigmentary 
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degeneration  of  the  retina,  obesity,  oligophrenia  and  hypogonadism.   In 
addition  to  mental  retardation,  which  is  present  in  over  75%  of  these 
patients,  congenital  heart  disease,  deafness,  and  various  neurological 
disorders  are  also  common.   Our  purpose  in  studying  the  patients  with  this 
syndrome  was  threefold:   1-  determination  whether  or  not  there  exist 
derangement  of  the  hypothalamic-pituitary-adrenal  axis;  2-  assessment  of 
the  hypogonadism;  3-  evaluation  of  the  phenotypical  concordance  as  an  aid 
in  formulating  genetic  mechanism  involved  in  this  syndrome. 

Endocrinological  survey  included  assessment  of  target  glands'  function 
(plasma  osmolality,  FBI,  urinary  17-hydroxy-  and  keto-steroids) ,  as  well  as 
pituitary  and  hypothalamic  functions  (growth  hormone  response  to  arginine 
tests,  the  values  of  insulin  hypoglycemia  and  Metyrapone  tests).  We  have 
demonstrated  that  in  the  patients  thus  tested  there  was  no  evidence  of 
dysfunction  of  target  glands  or  hypothalamic-pituitary-gonadal  axis.  The 
detailed  values  of  various  tests  are  given  in  the  following  table: 


Case  No. 
Age/ Sex 

T4 

Urinary 
Gonadotr. 
MU/24  hr. 

Urinary  Ster. 
mg/24  hours 
17-OH   17-keto. 

Plasma  T. 
ng/100  ml 
B     HCG 

Plasma  G.H. 

ng/ml 
B       ATT 

1   22 /M 

5.4 

>  10  (3) 

>  50  (2) 

22 

25 

310    583 

1.0 

22 

2    9/M 

7.4 

>  10  (4) 
<  10  (1) 

7 

11 

74    284 

1.4 

4.5 

3    28/F 

5.6 

<  10  (2) 

5 

14 

- 

- 

- 

4   20/F 

5.2 

<  10  (2) 

8 

12 

- 

- 

- 

Normal  Value: 
Adult   3.1-6. 

Children 

7  50-200 
3 

M  5-23 
F  3-15 

M  9-22 
F  6-15 

400-1000 
<100 

1.0 
1.0 

incr.  of 
>5  ng/ml 

Our  survey  of  59  patients  with  Laurence-Moon  syndrome  indicated  that  the 
incidence  of  true  hypogonadism  has  been  greatly  overestimated  in  the  recorded 
literature;  however,  delay  in  sexual  maturation  proved  to  be  quite  common. 

A  new  and  important  feature  became  evident  from  analyzing  the  tabulated 
data  in  the  families  with  multiple  sibling  involvement:   there  is  a  very 
striking  intra-family  concordance  of  the  principal  abnormalities  while  marked 
inter-family  differences  exist.   This  is  based  on  assessment  of  thirteen 
sets  of  sibships.   Of  the  possible  explanations  of  the  genetic  mechanism 
responsible  a  few  are  worth  listing:   a-  presence  of  multiple  alleles,  a  differi 
one  being  affected  in  different  families ;  b-  presence  of  nonhomologous  gene 
with  related  but  different  primary  effect;  c-  existence  of  only  one  mutant 
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allele  in  one  locus  but  the  expression  of  the  s5mdrome  modified  by  other 
genes  and  environmental  circumstances. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 
The  number  of  crippling  hereditary  disorders  exceeds  eight  hundred.  A  smaller 
proportion  of  them  are  associated  with  primary  involvement  of  the  nervous 
system,  the  majority  are  characterized  by  multi-organ  involvement  and  in 
these  CNS  is  affected  very  frequently.   The  results  presented  here  advance 
our  knowledge  of  congenital  retinal  blindness  and  the  Laurence-Moon  syndrome. 
In  addition,  we  can  now  probe  the  genetic  mechanism  of  the  striking  concordance 
of  phenotypic  expression  which  is  likely  to  be  very  fruitful  in  understanding 
of  variability  of  hereditary  disorders  in  general. 

Proposed  Course  of  the  Project:   These  and  similar  studies  are  good 
examples  of  the  need  for  concentrated  effort  on  delineation  of  disorders  with 
thus  far  unknown  pathogenesis.   We  have  thus  advanced  to  stage  3  as  indicated 
in  "Objectives."  This  approach,  along  with  the  forthcoming  biochemical 
studies,  will  continue  for  several  years  to  come. 

Honors  and  Awards:   Clinical  Associate  Professor  of  Neurology,  George 

Washington  University  Medical  School. 
Consultant,  Childrens  Hospital  (no  remuneration) = 

Publications: 

Dekaban,  A.S.:   Neurological  Disorders  Associated  with  Congenital  Ret:';al 
Blindness.   In   Vinken,  P.J.  and  Bruyn,  G.W.  (Eds.):  Handbook  of  Clinical 
Neurology.   Amsterdam,  North-Holland  Publishing  Co.   (in  press). 

Dekaban,  A.S.:   The  Contribution  of  George  W.  Bartelmez  to  the  American 
School  of  Neurology  and  Biological  Science.   Perspectives  in  Biology  and 
Medicine   (in  press). 


53g 


Serial  No.  NDS(I)-60  SN/CN  707(c) 

1.  Surgical  Neurology  Branch 

2.  Section  on  Child  Neurology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Pathological  and  Biochemical  Abnormalities  in  Brain  Occurring 
During  Prenatal  and  Postnatal  Life.   Correlations  With 
Mental  and  Motor  Development. 

During  FY  1972  this  project  was  incorporated  with  Serial  No. 
NDS(I)-60  SN/CN  706(c). 


55^ 


Serial  No.  NDS(I)-63  SN/CN  1026(c) 

1.  Surgical  Neurology  Branch 

2.  Section  on  Child  Neurology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Clinical  and  Biochemical  Studies  on  Epilepsy 

Previous  Serial  Number:   Same 

Principal  Investigator:   Anatole  S,  Dekaban,  M.D.,  Ph.D. 

Other  Investigators:   Kenton  R.  Holden,  M.D. 

Cooperating  Units:  None 

Man  Years: 

Total:  1-1 
Professional:  0.9 
Other:         0.2 

Project  Description:  . 

Objectives:   Currently  in  the  U.S.  there  are  about  2  million  people  who 
are  or  have  been  subject  to  epileptic  attacks  due  to  various  causes.  The 
onset  of  seizures  is  during  childhood  in  over  65  per  cent  of  these  patients. 
Idiopathic  (cryptogenic)  epilepsy  is  the  most  common.   Thus,  there  is  great 
need  for  broad  as  well  as  specific  studies  in  the  field  of  epilepsy, 
especially  at  the  time  of  its  onset.   In  the  first  place,  we  must  provide 
a  better  understanding  of  the  underlying  mechanisms  of  epileptic  seizures 
and  better  treatment;  this  eventually  should  be  followed  by  suitable 
preventive  measures.   Our  present  specific  approach  is  employment  of  high 
fat  diet  for  control  of  certain  seizures  during  early  childhood. 
Elucidation  of  the  mechanism  of  its  action  is  carried  out  in  both  the 
patients  and  in  laboratory  animals. 

Patient  Material:   16  inpatients  (375  patient  days)  and  19  outpatients. 

Methods  Employed: 

1.  Clinical,  developmental  and  neurological  examinations  and  special  tests. 

2.  Electroencephalographic  studies. 

3.  Pneumoencephalography  and  arteriography  when  indicated. 

4.  Urinary  and  plasma  amino  acids. 

5.  Assays  of  carbohydrate  metabolism. 

6.  Plasma  lipid  profiles. 

7.  Endocrinological  assays  when  indicated. 

8.  Application  of  special  therapeutic  procedures  including  ketogenic  diet. 
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9.   Special  studies  in  patients  on  high  fat  diet  • 

10.  Determination  of  partitioned  lipids  in  brain  homogenates  and  subcellular 

particles  of  animals  on  high  fat  diet. 

11.  Using  newly  developed  techniques  of  gas  chromatography,  determination 

of  anticonvulsant  levels  of  plasma  and  CSF. 

Major  Findings: 

1.  Our  investigations  directed  at  novel  therapeutic  trials  in  control  of 
recurrent  epileptic  attacks  continue.   Recently  we  have  been  greatly  aided 
by  the  establishment  in  our  laboratory  of  determination  of  plasma  and  CSF 
levels  of  anticonvulsant  drugs  in  the  patients  studied.   These  determinations 
have  just  become  possible  within  the  past  month  and  accumulation  of  sufficient;! 
data  is  in  progress. 

2.  The  study  on  the  mechanism  of  action  of  ketogenic  diet  in  the  control  of 
seizures  in  the  particularly  resistant  types  of  epilepsy  in  children  has 
considerably  advanced  and  we  will  be  soon  determining  arterio-venous  differenq 
in  free  fatty  acids,  glycerides  and  ketones  in  the  cerebral  circulation  of 
selected  patients. 

3 .  We  have  studied  in  depth  and  outlined  in  detail  the  type  of  epilepsy  and 
its  incidence  in  patients  with  two  types  of  linear  nevi:  nevus  unis  lateris 
and  nevus  linearis  sebaceus.   The  following  table  lists  the  distribution  of 
various  neurological  abnormalities  and  epilepsy  in  those  patients. 


Nevus  Unis 
Lateris 

Nevus  Linearis 
Sebaceus 

Mixed  Type 

No.  Pts. 

23 

16 

1 

CNS  Involv- 
ement 

6 

9 

1 

Type  of  CNS 
Involvement 
Epileptic 
Attacks 

4  (17.4%) 

9  (60.0%) 

— 

Mental 
Retard . 

3  (13.0%) 

8  (60.0%)* 

— 

Focal 
Signs 

Hemiparesis-1 

Homo.  Hemian-1 
Hemiparesis-1 

Hemiparesi 

Eye  Abnorm. 

1  (4.3%) 

8  (50.0%) 

— 

C  ancer 

skin  -  1 
breast  -  1 
brain  -  1 
esophagus  -  1 

skin  -  2 
salivary 
glands  -  1 

" 

Total 


40 


16  <40%) 


13  (33.3%) 


12  (30.8%) 


Homo .  Hemian . -1 
9  (22.5%) 
8  (20.5%) 
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In  summary,  we  can  say  that  60%  of  patients  with  nevus  linearis  sebaceus 
suffer  from  epilepsy  and  mental  retardation,  while  among  the  patients  with 
nevus  unis  later is  17.4%  have  epilepsy  and  13%  mental  retardation.  An 
important  and  unexpected  finding  was  very  high  incidence  of  malignant 
neoplasia,  which  was  present  in  20%  of  pooled  patients  with  both  nevi. 
Since  the  average  age  of  these  patients  was  less  than  20  years,  this  is  an 
extraordinary  finding  and  reflects  on  the  possibility  of  dysplastic  cell 
development  which  probably  underlies  the  described  syndrome  and  increased 
tendency  to  neoplasia. 

Another  finding  which  was  observed  by  us  for  the  first  time  consisted  of 
the  presence  of  focal  cerebral  abnormalities  (malformations)  as  revealed 
by  diagnostic  craniotomies  and  biopsies.   Thus,  we  were  able  to  demonstrate 
that  neurological  sjnmptoms  and  signs  such  as  epilepsy,  retardation  and 
paralysis  in  these  patients  is  probably  related  to  defective  development 
of  the  central  nervous  system. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 
Our  understanding  of  the  pathogenesis  of  epileptic  seizures  and  their 
control  is  still  meager.  Many  young  children  become  severely  and  permanently 
retarded  as  a  result  of  frequent  seizures.  Biochemical  approach  to  epilepsy 
is  likely  to  provide  us  with  better  understanding  of  this  sjradrome  complex 
and  it  may  help  us  in  the  therapy  of  this  distressing  disorder.   Present 
investigations  enlarge  the  overall  scope  of  the  study  on  epilepsy  which  is 
one  of  the  major  research  efforts  of  NINDS. 

Proposed  Course  of  the  Project;   It  is  expected  that  this  project  will 
continue  for  years  to  come. 

Honors  and  Awards:   None 

Publications: 

Holden,  K.R.  and  Dekaban,  A.S.:   Neurological  involvement  in  nevus  unis 
lateris  and  nevus  linearis  sebaceus .  Neurology   (in  press) . 
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1.  Surgical  Neurology  Branch 

2.  Section  on  Child  Neurology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Neurological  Abnormalities  in  Patients  with  Various 

Mucopolysaccharidoses;  Clinical  Trials  at  Modifying  the 
Course  of  the  Disease. 

Previous  Serial  Number:   Same 

Principal  Investigator:  Anatole  S.  Dekaban,  M.D.,  Ph.D. 

Other  Investigators:   George  Constantopoulos,  Ph.D.,  and  Kenton  R.  Holden,  M.D. 

C  ooperating  Units :   None 

Man  Years: 


Total : 

1.3 

Professional : 

1.0 

Other : 

0.3. 

Project  Description: 

Objectives:   The  disorders  of  the  metabolism  of  acid  mucopolysaccharides 
are  usually  associated  with  severe  dysfunction  of  the  nervous  system.  Within 
the  past  10  years,  six  genetically  different  diseases  were  identified  and  our 
Unit  provided  sizable  contributions  in  delineating  certain  of  these  entities 
and  pioneered  in  attempts  at  modifying  the  course  of  these  diseases  (therapeutic 
trials) .   The  interest  in  these  disorders  is  additionally  increased  by  the 
fact  that  the  derangement  of  the  CNS  relates  to  the  excessive  accumulation 
of  lipid  substances  in  the  neurons  (leading  eventually  to  their  destruction) 
while  liver,  spleen,  skin,  kidneys  and  other  organs  store  mucopolysaccharides. 
Since  we  have  an  exceptionally  large  patient  population  with  these  diseases 
and  extensive  experience  in  AMPS,  our  Unit  is  particularly  well  suited  for 
study  of  pathogenesis  and  development  of  new  approaches  to  therapy. 

Patient  Material:   13  inpatients  (452  patient  days)  and  16  outpatients. 

Methods  Employed: 

1.  General  medical,  developmental  and  neurological  examinations  including 
special  tests  as  required. 

2.  Isolation,  separation  and  determination  of  values  of  different  mucopoly- 
saccharides in  24-hour  urines,  serum  and  cerebrospinal  fluid. 
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3.  Determination  of  the  molecular  weight  distribution  in  the  isolated 
mucopolysaccharides . 

4.  Establishment  of  skin  fibroblast  tissue  cultures  from  these  patients  for 
utilization  of  AMPS  in  metabolic  studies  and  various  modifications  of  the 
inborn  error  as  precondition  to  clinical  trials. 

5.  Utilization  of  tissues  from  organs  obtained  by  biopsy  for  enzyme  studies 
and  determination  of  various  components. 

6.  Utilization  of  organs  obtained  at  autopsy  for  large  scale  recovery  of 
the  stored  material. 

7.  Therapeutic  trials,  using  predominantly  corticosteroids  and  various 
blood  products.   These  will  be  described  in  more  detail  in  results. 

Major  Findings; 

I.  Following  previous  demonstration  of  significant  reduction  in  the  excretion 
of  urinary  mucopolysaccharides  and  clinical  improvement  when  patients  were 
given  orally  glucocorticosteroids  (Dekaban  et  a2 .  Med.  Ann.  D.C. ,  1966  and 
subsequent  reports),  we  have  now  embarked  on  long-range  treatment  with  these 
preparations  by  administering  them  on  alternate  days,  thus  eliminating 
undesirable  side  effects.   Accumulation  of  a  sizable  number  of  patients  on 
this  regimen  is  in  progress. 

II.  We  have  used  repeated  plasma  or  whole  blood  transfusions  from  normal 
donors  on  the  principle  that  they  are  likely  to  contain  the  missing  enzyme (s) 
capable  of  temporarily  altering  patients'  metabolism  of  acid  mucopolysaccharides! 
No  final  evaluation  of  this  approach  is  possible  as  yet.  The  preliminary  study 
to  date  can  be  summarized  as  follows :   repeated  fresh  plasma  or  whole  blood 
transfusions  were  given  to  five  patients  with  either  Hurler,  Hunter  or 
Sanfilippo  type  of  mucopolysaccharidoses.   The  total  24-hour  urinary  acid 
mucopolysaccharides  (AMPS)  were  determined  prior  to,  during  and  after 
transfusions.   The  two  patients  who  received  plasma  transfusions  showed  no 
noticeable  change  in  the  amount  of  AMPS  excreted;  of  the  three  patients  who     j 
received  whole  blood  transfusions,  two  had  slightly  lower  excretion  of  AMPS 
while  the  third  showed  no  difference.   The  AMPS  in  the  CSF  were  measured  in 

one  patient  prior  to  and  shortly  after  blood  transfusions  and  found  to  be 
identical.   In  general  it  is  felt  that  these  transfusions  did  not  lead  to 
significant  changes  in  the  amounts  of  excreted  AMPS  nor  in  the  distribution 
of  their  molecular  weights  in  the  patients  studied.   No  clinical  change  in     i 
patients  responsiveness  was  observed.   In  contrast,  alternate  day  administration 
of  glucosteroids  resulted  in  substantial  reduction  of  urinary  AMPS  and  this 
was  sustained  over  many  weeks.   It  is  of  interest  that  Knudson  et^  al^  (Proc. 
Nat.  Acad.  Sci.  68^;  1738,  1971)  transfused  white  blood  cells  to  one  patient 
with  type  II  mucopolysaccharidosis  and  claimed  apparent  clinical  improvement. 
Clearly  more  patients  would  have  to  be  studied  using  this  regimen  and 
utilizing  qualitative  methods  for  assessment  to  obtain  more  conclusive 
evidence.   Thus,  our  further  studies  are  very  timely  and  important.  1 
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III.   In  order  to  obtain  better  understanding  of  the  mechanism  involved  in 
excessive  urinary  excretion  of  mucopolysaccharides  in  these  disorders  we 
have  undertaken  and  completed  studies  on  the  composition  and  content  of 
mucopolysaccharides  in  kidneys  of  normal  people  and  Hurler  and  Hunter 
patients.   These  studies  are  very  much  needed  and  will  be  of  lasting 
importance.   The  following  two  tables  give  the  main  results. 

ANALYTICAL  RESULTS  OF  ACID  MUCOPOLYSACCHARIDES  IN  HUMAN  KIDNEYS 


Uronic  Carbazole  Hexosamine  Glucosamine 


Molar  Ratios 


Acid  % 

Orcinol 

Galactosamine 

(hexosamine 

=  1) 

Uron. 

Sulf. 

N-Sulf 

Normal 

Cortex 

32.8 

1.15 

23.4 

64/36 

1.28 

.70 

.32 

Medulla 

26.8 

1.26 

20.5 

71/29 

1.26 

.51 

.21 

Papilla 

26.5 

1.22 

21.0 

72/28 

1.19 

.47 

.16 

Hurler 

Cortex 

27.8 

.66 

30.5 

27/73 

.85 

1.7 

.26 

Medulla 

24.6 

.66 

25.5 

29.71 

.89 

1.05 

.22 

Hunter 

Cortex 

22.4 

1.09 

22.5 

58/42 

.92 

.76 

.38 

Medulla 

28.8 

.84 

27.0 

43/57 

.98 

1.15 

.34 

■  Papilla 

22.0 

.90 

20.2 

51/49 

1.01 

1.15 

.36 

ENZYMATIC  HYDROLYSIS  OF  AMPS  FROM  KIDNEYS  OF  PATIENTS  WITH  MUCOPOLY- 
SACCHARIDOSES AND  NORMAL  CONTROLS.   %  OF  TOTAL  AMPS  (AS  CPC-NON-PRECIPITABLE 
URONIC  ACID. 


CHase  AC* 

CHase  ABC 
(after 
CHase  AC) 

Hyalur onidas e 
(after  CHases 
AC  &  ABC) 

Non-hydrolyzable 
(HS) 

Normal 

Cortex 

Medulla 

Papilla 

27.0 
47.0 
49.0 

15.0 
14.2 
18.5 

0.0 
0.0 
0.0 

55.0 
38.0 
33.0 

Hurler 

Cortex 
Medulla 

14.0 
16.0 

70.0 
64.0 

trace 
trace 

11.4 
21.0 

Hunter 

Cortex 

Medulla 

Papilla 

12.0 
11.5 
18.0 

48.0 
46.5 
51.0 

0.0 
0.0 
0.0 

40.0 
42.0 
31.0 

*  CHase  =  Chondroitinase 
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The  overall  results  can  be  summarized  as  follows: 

The  acid  mucopolysaccharide  content,  composition  and  molecular  weight 
distribution  in  cortex,  medulla  and  papilla  of  kidneys  from  normal  subjects 
and  from  two  patients  with  mucopolysaccharidosis  type  I  (Hurler)  and  type  II 
(Hunter)  were  examined.   It  was  found  that  heparitin  sulfate  and  hyaluronic 
acid  were  the  major  acid  mucopolysaccharides  in  normal  human  kidneys,  the 
former  predominating  in  the  cortex  and  the  latter  in  the  medulla  and  papilla. 
The  total  amount  of  acid  mucopolysaccharides  in  the  kidneys  from  the  patients 
with  mucopolysaccharidoses  was  over  ten  times  higher  than  in  the  unaffected 
controls.   In  addition  in  patients,  there  was  an  increase  of  15-  to  50-fold 
in  the  dermatan  sulfate,  and  of  3-  to  5-fold  in  the  heparitin  sulfate  content 
and  a  drastic  shift  in  the  molecular  weight  distribution  towards  smaller 
molecules. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 
Simultaneous  application  of  basic  and  clinical  studies  to  these  not  uncommon 
sublethal  disorders  begins  to  provide  promising  data.   The  time  may  be  not 
too  distant  when  successful  and  practical  modification  of  the  course  of  the 
disease  in  various  mucopolysaccharidoses  will  become  possible.   Also,  the 
information  obtained  will  be  helpful  in  diagnosis  and  prevention  of  these 
devastating  hereditary  disorders.   Two  papers  pertaining  to  these  disorders 
were  just  submitted  for  publication. 

Proposed  Course  of.  the  Project;  This  project  will  be  continued  for  several 
years  until  satisfactory  solutions  are  obtained. 

Publications ; 

Dekaban,  A.S.,  Patton,  V.M.  and  Cain,  D.F.:   Structural  and  biochemical 
maturation  of  the  cerebral  pallium  in  rabbit  fetuses;  morpho  genesis 
and  lipids.   J.  Neurochem.   18:  2451-2459,  1971. 
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Other :         0.1 

Project  Description: 

Objectives:   Brain  proteins  differ  from  those  of  other  tissues  particularly 
in  the  elevated  levels  of  the  acidic  proteins.   They  are  also  rapidly 
synthesized  and  degraded  -  a  phenomenon  without  a  functional  correlate. 

An  understanding  of  the  role  of  these  specialized  aspects  of  protein 
metabolism  in  normal  nervous  tissue  requires  determination  of  the  identity, 
composition  and  relative  rates  of  synthesis  and  degradation,  as  well  as  the 
localization  of  individual  proteins  within  various  cell  types  and  subcellular 
organelles.   This  information  is  particularly  important  in  the  case  of  the 
acidic  proteins,  some  of  which  are  known  to  be  brain-specific.  Acidic  proteins 
in  other  tissues  have  been  shown  to  exert  a  regulatory  function  in  RNA  and 
protein  metabolism.   The  possibility  of  interaction  of  acidic  proteins  in 
nervous  tissue  with  neurotransmitters  and  neuropharmacological  agents  is  of 
especial  significance  in  neural  tissue. 

The  information  thus  obtained  will  allow  an  examination  of  the  role  of 
protein  metabolism  in  certain  neurological  diseases. 

Methods  Employed:  Working  initially  with  the  laboratory  animals,  various 
protein  fractions  are  extracted  and  purified  by  salt  fractionation,  isoelectric 
precipitation,  gel  filtration,  ion  exchange,  chromatography,  etc.  These 
proteins  are  subsequently  analyzed  by  electrophoresis  in  a  soluble  acrylamide 
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gel  system.  The  specific  purified  protein  fractions  are  also  characterized 
by  amino  acid  analysis,  sedimei-itation  and  immunological  procedures. 

For  turnover  studies,  the  brain  proteins  are  labeled  in  vivo  by  intra- 
ventricular injections  or  in  vitro  (tissue  slices)  with  ~T4c-  or  3H-leucine. 
Specific  radioactivities  of  the  individual  protein  fractions  are  determined 
by  measurement  of  both  protein  and  radioactivity  after  separation  in  the 
soluble  acrylamide  gel  system  which  was  devised  for  this  work. 

Evolving  techniques  for  the  separation  of  subcellular  as  well  as  whole  cell 
units  will  continue  to  be  evaluated  for  purposes  of  localization  of  the 
individual  protein  fractions.   Tissues  from  specific  areas  of  the  brain  and 
pathological  specimens  containing  a  predominant  cell  type  will  be  especially 
valuable  for  this  purpose. 

Material;  Brains  and  other  organs  of  various  small  animal  species  will 
routinely  be  used.  In  addition,  samples  of  brain  and  other  nervous  tissue 
obtained  during  surgery  and  at  autopsy  will  be  utilized . 

Major  Findings; 
1.  During  the  final  trimester  of  gestation 5  the  pallium  of  the  fetal  rabbit 
develops  from  a  primitive  vesicle  to  a  highly  organized  structure  which  is 
ten  times  as  large.   In  order  to  relate  the  evolving  structural  features  to 
the  relev^t  synthetic  processes  an  extensive  study  of  the  type,  quantity,      ' 
synthesis  and  degradation  of  the  various  separable  brain  proteins  was  undertaker 

During  this  period,  the  migration  of  neuroblasts  to  the  cortex  became 
completed  while  the  germinal  layer  disappeared.   Extensive  growth  of  dendrites 
and  branches  occurred  especially  in  the  five  days  before  birth.   The  total 
protein  concentration  remained  at  about  6%  throughout  this  period  of  gestation 
with  the  water-soluble  protein  and  the  triton-soluble  proteins  at  3.5%  and 
1.5%  respectively.  Postnatal  changes  in  protein  composition  (total  protein 
8.5%)  are  restricted  predominantly  to  increases  in  the  residual  fraction. 
Electrophoretic  separation  of  the  soluble  proteins  in  acrylamide  gel 
demonstrated  a  remarkable  similarity  in  the  protein  composition  through  the 
late  fetal  period.  Marked  changes  in  several  protein  bands  were  apparent. 
On  the  other  hand,  major  increases  in  6  fractions  and  decreases  in  4  bands 
were  seen  when  the  adult  extracts  were  compared  with  the  fetal-newborn  group- 
These  results  have  been  confirmed  by  analytical  isoelectric  focusing. 

Protein  synthesis,  as  measured  in  brain  slices  in  vitro,  was  found  to  be 
very  rapid  in  the  20  day  fetal  brain.   During  subsequent  development  the  rate 
per  unit  of  tissue  fell  drastically  until  at  birth,  the  rate  of  incorporation 
of  amino  acids  was  only  1/3  of  that  seen  at  20  days  gestation.   After  birth, 
the  rate  of  synthesis  shows  a  further  decline;  in  the  adult,  synthesis 
proceeds  at  less  than  20%  of  the  newborn  rate. 

Measurement  of  the  radioactivity  in  the  pools  of  amino  acids  and  acyl-t-RNA 
showed  this  to  be  a  real  diminution  of  the  rate  of  synthesis  and  not  an  altered 
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transport  phenomenon.  Protease  activity  (both  acidic  and  neutral)  was  also 
measured  in  homogenates  of  fetal  pallia  using  labeled  brain  protein  as  the 
substrate.   Both  enzymatic  activities  were  quite  constant  per  mg  of  tissue 
throughout  the  fetal  period  and  decreased  to  about  90%  of  the  fetal  values 
sometime  after  birth.  Our  results  show  that  when  the  data  obtained  are 
adjusted  for  the  increasing  mass  of  tissue  during  the  period  of  very  rapid 
growth  of  the  brain  in  the  final  third  of  gestation,  the  protein  S3mthetic 
activity  of  the  whole  brain  predominates  over  the  proteolytic  activity, 
whereas  after  birth,  total  protein  synthesis  is  shut  down  to  a  fraction  of 
the  newborn  rate  while  a  substantial  increase  in  the  total  proteolytic 
activity  occurs. 

2.  Studies  by  Tewari  and  Baxter  (1969)  indicate  that  GABA  stimulates  protein 
metabolism  in  subcellular  systems  of  developing  nervous  tissue.   This  question 
has  been  examined  in  the  developing  rabbit  brain.   Slices  of  rabbit  brain  at 
various  fetal  ages  were  incubated  with  radioactive  amino  acids  with  or  without 
added  5  mM  GABA.   In  contrast  to  work  with  subcellular  systems,  we  find  no 
stimulation  of  protein  metabolism  by  GABA.   A  minor  inhibition  of  both  amino 
acid  transport  and  incorporation  into  the  total  protein  fraction  was  observed. 
Preliminary  experiments  using  thiosemicarbazide  to  reduce  tissue  GABA  levels 

in  slices  likewise  showed  no  alteration  in  the  rate  of  protein  synthesis. 

3.  Reproducible  and  rapid  labeling  of  brain  protein  in  vivo  is  especially 
difficult  due  to  slow  passage  of  precursors  across  the  blood-brain  barrier. 
In  vitro  systems  are  thus  particularly  important  in  protein  turnover  studies. 
Yet  the  labeled  products  obtained  in  most  in  vitro  systems  have  not  been 
characterized.  Brain  proteins  were  labeled  in  vitro  by  incubation  of  brain 
slices  with  %-leucine.  Brain  proteins  were  also  labeled  in  vivo  by  intra- 
cerebral injections  of  ■'■'^C-leucine  for  various  incorporation  times.  The 
labeled  proteins  were  extracted  from  both  systems,  pooled  and  separated  on  a 
soluble  acrylamide  gel  system.  Double  label  measurements  of  the  proteins  at 
various  regions  of  the  gels  were  made.  Virtually  identical  patterns  of 
distribution  of  radioactivity  through  the  separated  proteins  was  obtained. 
These  experiments  strongly  support  the  validity  of  the  brain  slices  as  an 

in  vitro  model  of  the  brain  protein  sjmthetic  system. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 
There  is  some  suggestive  and  still  indirect  evidence  that  specific  cerebral 
proteins  may  be  involved  in  the  processes  of  memory  and  intellectual 
functions.  Correlation  between  stimulatory  events  and  the  products  of  synthesis 
are  lacking.  There  are  large  numbers  of  subjects  with  undifferentiated  types of 
mental  retardation  who  defy  all  investigative  approaches  in  clarifying  the 
underlying  abnormality.   Because  of  several  technical  difficulties  the  brain 
proteins  have  not  been  thus  far  explored  in  these  and  many  types  of  other 
patients.  The  availability  to  us  of  surgical  and  post-mortem  tissue  of  a 
number  of  hitherto  obscure  neurological  diseases  provides  us  with  unique 
opportunity  to  study  cerebral  proteins  in  these  patients.  Greater  understanding 
of  these  conditions  is  one  of  the  research  responsibilities  of  our  Institute. 
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Proposed  Course  of  the  Project:  This  project  will  continue  for  several 
years . 

Honors  and  Awards :  None 

Publications: 

Cain,  D.F.  and  Dekaban,  A.S.:   Correlation  of  brain  proteins  in  degenerative 
diseases,  encephalitis,  gliomas  and  focal  epilepsy  with  the  underlying 
histological  structure.  Trans.  Am.  Neurol,  /^^sn.  96:  215-216,  1971. 


68S 


Serial  No.  NDS(I)-57  SN/CP  401(c) 

1.  Surgical  Neurology  Branch 

2.  Section  on  Clinical  Psychology 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  I3  1971  through  June  30,  1972 

Project  Title:  Psychological  Evaluation  of  Temporal  Lobe  Operations 

Previous  Serial  Number:  SAME 

Principal  Investigator:  Herbert  Lansdell,  Ph.D. 

Other  Investigators:  J.  M.  "Van  Buren,  M.D.,  Ph.D.  and  A.  Ommaya,  F.R.C.S. 

Cooperating  Units:  None 

Man  Years: 

Total:  1.0 

Professional:  1.0 

Other:  0.0 

Project  Description: 

Objectives:  To  study  neurosurgical  patients  with  temporal  luoa 
disorders  with  regard  to  intellectual  abilities,  visual  perception,  linguistic 
functions  and  other  "personality"  features. 

Methods  Employed:  Intelligence,  personality  and  other  specialized 
verbal  tests;  tests  of  visual  perception. 

Major  Findings:  Work  has  begun  on  some  data  made  available  by  the 
Perinatal  Branch  on  several  tests  administered  to  the  7-year-olds  in  the 
Collaborative  Project.  It  is  hoped  that  further  understanding  may  be  obtained 
of  our  studies  of  the  effects  of  adult  brain  damage  on  verbal  factors.  Two 
sets  of  data  are  being  developed:  a  group  of  cases  with  lateral ized  neonatal 
brain  damage,  and  a  group  of  normals.  Preliminary  analysis  of  the  normal  data 
suggests  that  two  conventional --verbal  and  nonverbal— factors  involving  the 
Wise  (Wechsler  Intelligence  Scale  for  Children)  can  be  identified.  Utilization 
of  the  factor  results  in  regard  to  the  brain  damaged  group  will  be  done  after 
the  normal  results  have  been  satisfactorily  analyzed  with  some  new  methods. 

Some  factor  analyses  of  intelligence  and  memory  test  data  on  NINDS  and 
WRGH  patients  have  been  done  with  the  goal  of  differentiating  two  general 
.factors.  The  results  are  not  entirely  satisfactory,  and  some  new  methodological 
developments  with  the  Horst  method  may  be  necessary;  other  techniques  may  also 
be  tried. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
With  factor  analysis  of  data  on  i'arge  groups  and  careful  selection  of 
surgical  patients,  relations  between  factor  scores  and  cerebral  lesions  can  be 
established  selectively  for  different  loci  and  for  each  sex;  these  relation- 
ships have  implications  for  the  physiological  analysis  of  the  "higher  mental" 
processes. 

Proposed  Course  of  Project:  Further  factor  analytic  work  on  psychometric 
results,  publication  of  findings. 

Honors  and  Awards:  None 

Publication: 

Lansdell,  H.:  A  general  intellectual  factor  affected  by  temporal  lobe 
dysfunction.  J^.  Clin.  Psychol  .27:  182-184,  1971. 
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1.  Surgical  Neurology  Branch 

2.  Section  on  Clinical  Psychology 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:  Psychological  Effects  of  Subcortical  Lesions  Used  for  Relief 
from  Abnormal  Movements 

Previous  Serial  Number:  SAME 

Principal  Investigator:  Herbert  Lansdell,  Ph.D. 

Other  Investigators:  J.  Van  Buren,  M.D.,  Ph.D.,  and  A.  Onrnaya,  F.R.C.S. 

Cooperating  Units:  None 

Man  Years: 

Total:  0.0 

Professional:  0.0 

Other:  0.0 

Project  Description: 

Objectives:  In  comparison  with  the  effects  of  other  forms  of  neuro- 
surgery, to  investigate  the  changes  resulting  from  subcortical  lesions  with 
the  aim  of  delineating  subcortical  from  cortical  factors  in  brain  function. 

Methods  Employed:  A  battery  of  tests  [the  same  as  those  used  in 
Project  Serial  No.  401(c)]  has  been  used  on  patients  before,  two  weeks  after, 
and  again  a  year  or  more  after  operation. 

Major  Finding:  The  data  obtained  from  this  type  of  patient  were 
incorporated  into  tne  analyses  performed  in  Project  Serial  No.  401(c).  Some 
analyses  in  the  future  will  examine  the  specific  effects  of  this  type  of 
surgery  on  the  factors  being  determined  from  the  battery  of  tests. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Future  differentiation  of  memory,  perceptual,  and  verbal  factors  in  the  battery 
will  provide  an  opportunity  to  differentiate  the  factors  physiologically  by 
comparing  the  effects  of  these  disorders  (and  operations)  with  the  effects  of 
the  largely  cortical  disorders  (and  removals). 

Proposed  Course  of  Project:  Further  analysis  of  the  psychometric  data. 

Honors  and  Awards:  None 
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Publication: 


Lansdell,  H, ,  and  Davie,  J.C.:  Massa  intermedia:  Possible  relation  to 
intelligence.  Neuropsychologia  (in  press) 
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1.  Surgical  Neurology  Branch 

2.  Section  on  Clinical  Psychology 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:  Phonemic  Aspects  of  Dysnomia 

Previous  Serial  Number:  SAME 

Principal  Investigators:  Herbert  Lansdell,  Ph.D.  and  Paul  Fedio,  Ph.D. 

Other  Investigators:  None  " 

Cooperating  Units:  None 

Man  Years: 

Total:  0.0 

Professional:  0.0 

Other:  0.0 

Project  Description: 

Objective:  To  investigate  the  phonemic  aspects  of  induced  dysphasia. 

Methods  Employed:  Filmstrips  and  a  projector  are  used.  The  filmstrips 
contain  three  orders  of  pictures;  the  names  of  the  pictured  objects  have  a  wide 
range  of  phonemes  in  the  initial  and  final  positions.  The  nouns  have  a  high 
frequency  in  the  English  language.  There  is  automatic  control  of  exposure 
time. 

Major  Findings:  Data  solely  relevant  in  this  project  are  being 
accumulated  with  its  use  during  carotid  Amytal  tests.  To  date,  there  appears 
to  be  no  confirmation  of  the  previous  result  regarding  the  influence  of  the 
initial  and  final  phonemes  on  naming  errors;  the  nature  of  the  word  substitu- 
tions unfortunately  cannot  be  investigated  with  the  present  small  number  of 
observations. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Future  different  types  of  data  may  continue  to  extend  our  knowledge  of  the 
phonemic  aspect  of  speech  and  delineate  this  clue  with  regard  to  the  physio- 
logical mechanisms  of  speech  and  verbal  activity. 

Proposed  Course  of  Project:  The  phonemic  aspect  of  results  will  be 
analyzed  when  sufficient  data  are  obtained. 
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Honors  and  Awards:  None 
Publications:  None 
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1.  Surgical  Neurology  Branch 

2 .  Neuroradiology 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  Isotope-Ventriculography  and  Isotope-Cisternography 

Previous  Serial  Number:  Same 

Principal  Investigator:  Giovanni  Di  Chiro,  M.D. 

Other  Investigators:   Gerald  L.  Schall,  M.D. 

Steven  M.  Larson,  M.D. 
William  L.  Ashbum,  M.D. 
Sherman  C.  Stein,  M.D. 
Louis  S.  Zeiger,  M.D. 
Timothy  Harrington,  M.D. 
Ayub  K.  Ommaya,  F.R.C.S. 

Cooperating  Units:  Department  of  Nuclear  Medicine,  Diagnostic  Radioisotope 

Section,  Clinical  Center,  NIH 

Radioisotope  Laboratory,  University  o£  California, 
San  Diego,  California 

Man  Years: 

Total:  .4 

Professional:  .4 

Others :  . 0 

Project  Description: 

Objectives:  A  gamma  emitting  isotope  injected  within  the  cerebrospinal 
fluid  pathways  will  permit  in  subsequent  head  scans  the  pictorial  outline  of 
the  ventricular  system  (isotope-ventriculography)  and  of  the  subarachnoid 
intracranial  spaces  (isotope- cisternography) .   Information  about  the  anatom- 
ical status  of  the  cerebrospinal  fluid  cavities,  and,  by  multiple  serial  scans, 
of  the  normal  and  abnormal  dynamics  of  the  cerebrospinal  fluid  itself  will  be 
obtained. 

Methods  Employed:  The  radioisotope  cisternography  and  ventriculography 
procedures  are  now  well  established. 

Recently,  we  have  carried  out  dual,  sequential,  radioisotopic  scinti- 
graphy of  the  brain  and  the  CSF  cavities.  This  technique  allows  the 
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visualization  of  both  the  brain  and  cisternal  spaces  (encephalo- cisternography) 
or  the  brain  and  ventricular  system  (encephalo-ventriculography) .   Display  of 
the  gathered  dual-radioisotopic  data  is  accomplished  in  two  different  colors, 
so  that  the  anatomical  features  of  the  adjacent  anatomic  compartments  (brain 
and  CSF  cavities)  will  stand  out  vividly. 

Major  Findings:   During  the  current  fiscal  year  we  have  gathered 
additional  experience  in  the  following  areas: 

1)  Radioisotope  encephalo-cistemography  and  radioisotope  encephalo- 
ventriculography  which  have  proven  very  valuable  for  the  evaluation  of  the 
relative  size  of  brain  substance  vis  ^  vis  the  CSF  cavities  and  for  the 
differentiation  of  extra-  versus  intra-  cerebral  endocranial  lesions. 

2)  An  analysis  of  the  influence  of  previous  lumbar  puncture  and  pneumo- 
encephalography on  the  incidence  of  unsuccessful  radioisotope  cisternography 
has  been  carried  out.  This  study  indicates  that  previous  lumbar  puncture 
and  pneumoencephalography  per  se,  are  now  (as  it  was  previously  incorrectly 
presumed)  important  predisposing  factors  to  imsuccessful  intrathecal  injection 
in  cisternography.   Rather,  the  inadequate  injection  may  be  directly  related 
to  the  technique  at  the  time  of  the  puncture  itself. 

3)  Additional  experience  has  been  gathered  with  cisternography  in  cases 
of  porencephaly. 

4)  Radioisotope  cisternography  and  radioisotope  ventriculography  have 
been  carried  out  in  a  number  of  normal  and  hydrocephalic  dogs  in  an  attempt 
to  establish  an  experimental  model  of  communicating  hydrocephalus .   In  the 
course  of  this  study  the  observation  has  been  made  that  normal  dogs  present 
a  significant  spontaneous  cerebrospinal  fluid  rhinorrhea.  We  feel  that  the 
CSF  leakage  into  the  nasal  submucosal  space,  local  lymphatics,  and  into  the 
nasal  cavity  itself  in  dogs  represents  an  important  alternate  pathway  of  CSF 
drainage.   This,  in  turn,  may  explain  the  remarkable  tolerance  of  dogs  to 
hydrocephalus  in  its  various  forms.  Hydrocephalus  is  encountered  in  a  sur- 
prisingly high  number  of  dogs  considered  "normal." 

5)  Attention  is  beiig  devoted  to  an  until  now  scarcely  studied  aspect 
of  the  cerebrospinal  fluid  flow,  that  is  the  descent  of  the  CSF  into  the 
spinal  canal.  We  are  trying  to  establish,  both  in  human  patients  who  have 
been  submitted  for  various  reasons  to  ventricular  or  cisternal  pimcture,  and 
in  monkeys  after  intraventricular  injection,  the  time  sequence  of  the  descent 
phase  of  the  CSF  flow  through  fourth  ventricle,  cistema  magna,  and  spinal 
subarachnoidal  spaces . 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
Legions  of  authors  are  studying  this  remarkable  fluid  (CSF)  which  still  re- 
mains uncomprehended  since  Cotugno  first  described  it  in  1764.   In  particular, 
we  have  now  a  diagnostic  tool  to  gather  information  about  the  "terra  incognita" 
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which  is  represented  by  the  basal  and  convexity  subarachnoidal  pathways. 

Proposed  Course  of  Project:   Further  infoi-mation  about  the  normal  aid 
abnormal  cerebrospinal  fluid  cavities,  and  the  normal  and  pathologic  flow 
of  the  CSF  will  be  gathered  by  the  techniques  of  isotope-cistemography  and 
isotope-ventriculography . 

Honors  and  Awards :  None 

Publications:  Di  Chiro,  G.  and  Ashbum,  W.  L.  :   Radioisotope  cisternography, 
ventriculography,  and  myelography.   In  Blahd,  W.  H.  (Ed.): 
Nuclear  Medicine,  (ed.  2).   New  York,  New  York,  McGraw-Hill 
Book  Co.,  1971,  pp.  277-294. 

Di  Chiro,  G.,  Ashbum,  W.  L.  ,  Zeiger,  L.  S.,  and  Schall,  G.  L.  : 
Radioisotope  encephalo-cistemography  and  encephalo-ventriculo- 
graphy.  J.  Neurosurg.  36:  127-132,  1972. 

Di  Chiro,  G.,  Stein,  S.  C,  and  Harrington,  T.  :  Spontaneous 
cerebrospinal  fluid  rhinorrhea  in  normal  dogs.  J .  Neuropath . 
Exp .  Neurol .  (In  press) . 
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1.  Surgical  Neurology  Branch 

2.  Neuroradiology 

3.  Bethesda,  Maryland 


Project  Title: 


PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 


Radiographic  and  Radioisotopic  Arteriography  o£  the  Spinal 
Cord 


Previous  Serial  Number:   Same 

Principal  Investigators:  Giovanni  Di  Chiro,  M.D. 

Jean  R.  L.  Herdt,  M.D. 
Timothy  Harrington,  M.D. 
Ayub  K.  Ommaya,  F.R.C.S. 
Gerald  S.  Johnston,  M.D. 
A.  Eric  Jones,  M.D. 

Cooperating  Units:  Diagnostic  Radiology  Department,  Clinical  Center,  NIH 

Department  of  Nuclear  Medicine,  Clinical  Center,  NIH 

Cafritz  Memorial  Hospital,  Washington,  D.C. 

D.  C.  General  Hospital,  Washington,  D.C. 


Man  Years : 
Total : 

Professional: 
Others : 

Project  Description: 


.6 

.6 
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Objectives:  The  introduction  of  cerebral  angiography  (1927)  has  markedly 
increased  our  knowledge  of  the  vascular  pathology  of  the  brain.   The  vascular 
pathology  of  the  spinal  cord,  on  the  other  hand,  remains  a  largely  imexplored 
area. 

Since  1964,  we  have  been  carrying  out  angiographic  studies  of  the  spinal 
cord  and  developed  this  technique  into  a  reliable  diagnostic  tool.   Selective 
injection  of  the  contrast  medium  has  made  the  difference  between  an  occasional 
demonstration,  and  the  consistent  visualization  of  the  spinal  cord  vasculature. 

The  usefulness  of  selective  arteriography  in  cases  of  spinal  cord  arterio- 
venous malformations  is  now  well  established.  We  are  continuing  to  use  this 
technique  to:   1)   Learn  more  about  the  pathophysiology  of  the  spinal  cord 
arteriovenous  malformations  so  that  a  better  treatment  of  these  important  and 
frequent  lesions  may  be  developed.  2)  Evaluate  how  useful  spinal  cord 
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angiography  is  in  cases  of  spinal  cord  tumors.  3)  Establish  whether  or  not 
this  technique  can  be  of  diagnostic  value  in  the  study  of  obstructive  spinal 
cord  vascular  disease. 

Methods  Employed:  Selective  arteriograms  with  modem  catheter  techniques 
are  carried  out  in  patients  in  whom  spinal  cord  vascular  or  tumoral  lesions 
are  suspected.   The  subtraction  technique  is  used  to  better  visualize  the 
injected  vessels. 

For  the  technique  of  radioisotope  angiography  of  the  spinal  cord  a  bolus 
of  15  mCi  of  99mTc  human  serum  albumin  (1  to  2  ml)  is  injected  in  a  left  ante- 
cubital  vein.   Immediately  afterwards,  cines cintiphotographic  or  rapid  flow 
Polaroid  views  of  the  various  segments  of  the  spine  are  obtained  with  an  Anger 
scintillation  camera. 

For  the  studies  of  the  vessels  of  the  fetal  and  embryonic  human  spinal 
cord,  we  have  used  our  previously  developed  microangiographic  techniques. 

Major  Findings:  During  the  current  fiscal  year  we  have  been  able  to 
further  develop  the  technique  and  to  augment  our  experience  with  selective 
arteriography  of  the  spinal  cord.   In  particular: 

1)  Further  experience  has  been  gathered  with  the  arteriovenous  malfor- 
mations, tumors,  and  obstructive  vascular  disease  of  the  spinal  cord. 

2)  For  the  first  time  selective  arteriography  of  the  spinal  cord  has  been 
carried  out  soon  after  the  occurrence  of  a  post-traumatic  paraplegia.   The 
demonstration  of  the  normal  vascularity  of  the  spinal  cord  permitted  us  to 
advance  a  good  prognosis.   This  has  been  confirmed  by  the  follow-up  of  the 
patient  who  has  shown  significant  functional  improvement  in  the  lower  limbs. 

3)  We  have  had  the  opportunity  to  study  angiographically  several  cases 
of  suspected  post-radiation  myelitis  of  the  spinal  cord.   In  one  particular 
instance  we  were  fortunate  to  have  as  a  base  line,  a  pre-radiation  selective 
arteriography  of  the  spinal  cord.   In  the  post  radiation  arteriographic  studies 
there  is  distinct  evidence  that  the  vessels  feeding  the  spinal  cord  are  markedly 
altered  to  the  degree  of  obstruction. 

4)  The  new  technique  of  radioisotope  angiography  of  the  spinal  cord  has 
been  introduced.   This  appears  to  be  a  very  promising,  and  in  certain  ways, 
revolutionary  diagnostic  method.   Three  cases  of  arteriovenous  malformation 

of  the  spinal  cord  have  been  clearly  demonstrated  by  this  radionuclide  technique 
The  potential  uses  of  radioisotope  angiography  of  the  spinal  cord  are  consider- 
able. At  this  time  the  main  application  is  in  cases  in  which,  on  the  basis  of 
the  clinical  findings  and  plain  x-rays,  a  strong  suspicion  on  an  arteriovenous 
malformation  of  the  cord  is  advanced.   The  standard  management,  is  to  proceed 
with  a  Pantopaque  myelography  before  a  selective  arteriographic  study.  We  are 
always,  however,  somewhat  hesitant  to  carry  out  a  lumbar  puncture  and  to  inject 
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Pantopaque  in  these  patients,  because  severe  complications  -may  result  due  to 
the  penetration  of  the  needle  in  the  pathological  vessels.   Even  if  a  cisternal 
puncture  is  used  for  the  introduction  of  the  i^diographic  contrast  medium,  the 
irritating  effect  of  Pantopaque  cannot  be  disregarded.   Circumvention  of  the 
possible  hazards  associated  with  myelography  may  be  achieved  by  radioisotope 
angiography  which  can  be  used,  in  lieu  of  myelography,  before  definitive 
roentgenographic  arteriogram.   One  of  the  three  cases  in  this  series  was  never 
subjected  to  a  myelography. 

We  may  also  foresee  conditions  which  will  actually  make  the  radioisotope 
angiography  probably  more  informative  than  the  x-ray  arteriographic  examination. 
We  are  thinking  of  those  patients  in  whom  large  amounts  of  unremovable  Panto- 
paque from  previous  myelograms,  remain  entrapped  among  the  pathological  vessels 
of  the  malformation.   In  these  instances  the  vascular  radiologic  study  may  be 
very  difficult  to  interpret  even  if  subtraction  is  used.  Also,  in  some  in- 
stances of  thrombosed  arteriovenous  malformation  of  the  spinal  cord  (Foix- 
Alajouanine  disease),  x-ray  angiographic  visualization  may  not  succeed,  while 
possibly  the  radioisotope  uptake  of  the  thrombosed  lesion  will  be  shown  in  the 
scintiphotograms . 

Evaluation  of  radioisotope  angiography  of  the  spinal  cord  in  the  appraisal 
of  lesions  other  than  arteriovenous  malformations,  particularly  cord  tumors, 
is  in  progress. 

5)  A  large  number  of  fetal  and  a  few  embryonic  human  spinal  cords  have 
been  studied  with   special  microangiographic  techniques.  We  expect  to  lesLxn 
how  the  vessels  of  the  spinal  cord  develop  and  perhaps  why  certain  particular 
anatomical  features  are  present  in  the  cord  arteries  and  veins  (for  instance, 
the  characteristic  "hairpin"  arrangement  of  many  of  these  vessels) .   In 
addition,  we  hope  to  shed  some  light  on  the  reasons  of  the  significant  differ- 
ences of  the  spinal  cord  vessels  in  infancy  and  childhood  versus  the  adult  age. 
Are  these  differences  developmental  in  nature? 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
Radiographic  and  radioisotopic  angiography  of  the  spinal  cord  are  increasing 
our  understanding  of  the  large  group  of  conditions  in  which  vascular  lesions 
of  the  cord  represent  the  basic  pathologic  element. 

Proposed  Course  of  Project:   Further  technical  improvement  of  the  selec- 
tive arteriography  of  the  spinal  cord  lesions.  We  are  particularly  interested 
in  radiographic  magnification  using  the  new  fractional  focal  spot  x-ray  tubes. 
The  resolution  of  the  small  vessels  should  be  improved  with  these  magnification 
techniques . 

Angiotomography  is  another  development  which  we  are  "watching"  and  con- 
sidering for  the  spinal  cord  studies. 

Improved  x-ray  vascular  contrast  media  will  also  enhance  the  diagnostic 
possibilities  of  spinal  cord  angiography.  We  are  following,  very  closely,  the 
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recent  developments  in  the  area  of  polimeric  iodinated  x-rays  contrast  media 
(dimers  and  trimers  of  various  basic  molecules)  and  we  are  planning  to  study 
some  aspects  of  their  neurotoxicity. 

We  will  dedicate  much  of  our  attention  to  technical  improvements  in  the 
newly  introduced  radioisotope  angiography  of  the  spinal  cord.   This  method, 
which  we  are  extensively  using  as  a  screening  procedure,  could  become  a  more 
definitive  and  informative  diagnostic  examination.   By  increasing  our  resolution 
(perhaps  also  with  the  use  of  the  Tomoscanner)  we  will  possibly  be  able  to 
extract  a  lot  of  diagnostic  information  from  this  simple  and  innocuous  technique. 

Honors  and  Awards :  None 

Publications:   Di  Chiro,  G.:  Angiography  of  obstructive  vascular  disease  of 
the  spinal  cord.   Radiology  100  :  607-614,  1971. 

Di  Chiro,  G.,  Doppman,  J.  L. ,  and  Ommaya,  A.  K. :  Radiology  of 
spinal  cord  arteriovenous  malformations.  Progr.  Neurol.  Surg. 
4:   327-354,  1971. 

Gargour,  G.  W. ,  Wener,  L. ,  and  Di  Chiro,  G. :   Selective  arterio- 
graphy of  the  spinal  cord  in  post -traumatic  paraplegia.   Neurology 
22:   131-134,  1972. 

Di  Chiro,  G.,  Jones,  A.  E.,  Johnston,  G.  S.,  Ommaya,  A.  K. ,  and 
Koslow,  M.:   Radioisotope  angiography  of  the  spinal  cord.   J. 
Nucl.  Med.  (In  press) . 
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1 .  Surgical  Neurology  Branch 

2.  Neuroradiology 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 


Project  Title:  Radioactive  Scanning  Tomography  of  the  Brain 
Previous  Serial  Number:   Same 

Principal  Investigators:   Giovanni  Di  Chiro,  M.D. 

Floro  Miraldi,  M.D.,  Ph.  D, 

Eugene  T.  Yon,  Ph.  D. 

Gerald  S.  Johnston,  M.D. 
Other  Investigators:  None 

Cooperating  Units:   Department  of  Nuclear  Medicine,  Clinical  Center,  NIH 

Department  of  Biomedical  Engineering,  Case  Western 
Reserve  University,  Cleveland,  Ohio 

Man  Years : 

Total :  . 1 

Professional:  .1 

Other:  .0 

Project  Description: 

Objectives:   Radioisotopic  brain  scanning  is  fast  becoming  one  of  the 
essential  diagnostic  methods  to  explore  the  brain.   Its  reliability  in 
detection  and  localization  of  intracranial  space -occupying  lesions  is  high 
Cabout  80%)  but  still  somewhat  lower  than  that  of  other  neuroradiologic 
procedures  (cerebral  angiography,  pneumoencephalography) .  To  improve  the 
accuracy  of  brain  scanning,  we  may  essentially  follow  two  research  avenues: 
1)  better  tracers;  2)  improvement  of  the  equipment.   The  improvement  of 
the  equipment  is  aimed  at  increasing  the  resolution  without  a  substantial 
loss  of  sensitivity.  This  double  goal  will  undoubtedly  be  reached  if  an 
effective  and  efficient  method  of  layer  body  section  (tomography)  associated 
with  scanning  can  be  developed. 

Methods  Employed:  A  radioactive  brain  scan  (obtained  with  a  rectilinear 
scanner)  or  a  scintiphoto  (obtained  with  a  fixed  device  such  as  a  gamma 
scintillation  camera)  represents  a  complex  record  of  signals  (photons)  orig- 
inating  from  the  endocranial,  cranial  and  facial  tissues.  All  these  signals 
superimpose  in  a  pattern  in  which  it  is  often  difficult  to  discriminate  be- 
tween the  various  anatomical  elements.  An  improved  analysis  of  the  scinti- 
graphic record  of  the  head  would  be  attained  by  tomography.  We  have  been 
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theoretically  analyzing  the  various  methods  tried  by  other  investigators  to 
solve  the  problem  of  scanning  tomography.   These  methods  fall  into  four 
general  catagories:  1)   focusing  collimator  systems;  2)   systems  using 
collimators  inclined  to  the  plane  of  interest;  3)   scanning  with  collimators 
in  the  plane  of  interest;  4)  time-of- flight  positron  systems. 

We  have  performed  a  mathematic  appraisal  of  the  three  fundamental  para- 
meters:  sensitivity,  resolution,  and  efficiency. 

We  have  proposed  a  new  approach:  The  strong  focusing  multi- layered 
Tomoscanner.  Judging  from  theoretical  considerations,  this  new  system 
promises  to  be,  in  many  ways,  advantageous  compared  to  the  ones  already  tested 
by  other  investigators. 

Major  Findings:  The  prototype  scanner  is  now  installed  in  the  Department 
of  Nuclear  Medicine,  Clinical  Center.   Extensive  radioactive  phantoms  work  is 
being  carried  out.   Preliminary  clinical  experience  is  being  gathered  in  human 
patients. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
A  successful  and  simple  method  of  scanning  tomography  would  revolutionize  the 
field  of  neuroradiology,  and  parenthetically  other  fields  of  radiology.   Brain 
scanning  and  brain  scintiphotography  are  in  fact  essentially  innocuous  (no 
mortality  or  morbidity),  causing  no  discomfort  to  the  patient,  "less  radiation 
giving"  (if  proper  isotopes  are  used),  and  cheaper  than  other  neuroradiologic 
procedures.   Brain  scanning  and  brain  scintiphotography  are  also  simple,  quick 
procedures  and  may  in  fact,  in  most  instances,  be  carried  out  on  an  ambulatory 
basis  without  admitting  the  patient  to  the  hospital.   Last  but  not  least,  in- 
terpreting a  brain  scan  or  a  scintiphoto  is  much  simpler  and  straight -forward 
than  reading  a  cerebral  angiogram  or  a  pneumoencephalogram.   If,  therefore, 
the  resolution  of  brain  scanning  can  be  significantly  improved  by  tomography, 
£  complete  change-over  of  the  neuroradiology  departments  will  occur.   Brain 
scanning  and  brain  scintiphotography  would  acquire  further  diagnostic  impor- 
tance for  the  detection  of  intracranial  tumors,  bleedings,  and  infarctions 
following  strokes.   Some  of  these  lesions--especially  the  ones  of  the  infil- 
trating type--which  today  escape  detection  by  any  of  our  diagnostic  neuro- 
radiologic methods,  would  then  probably  the  "picked  up."  An  increase,  in 
absolute  terms,  of  the  detecting  accuracy  of  the  neuroradiologic  methods 
takes  as  a  "whole"  would  then  occur. 

Proposed  Course  of  Project:  Extensive  testing  of  the  Tomoscanner  will 
be  carried  out  in  the  next  year.   "Bugs"  will  be  eliminated  and  technical 
refinements  will  be  added  to  reach  the  goal  of  optimal  resolution. 

Particular  attention  will  be  devoted  to  the  evaluation  of  "Tomoscanning" 
in  clinical  materal  in  conjunction  with  conventional  brain  scanning,  es- 
pecially in  patients  with  brain  tumors  and  other  endocranial  space  occupying 
lesions.  The  Tomoscanner  will  also  be  evaluated  in  association  with  the 
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techniques  of  radioisotope  cisternography  and  radioisotope  ventriculography. 
A  limited  amount  of  work  with  tomographic  scanning  in  experimental  models 
(monkeys  which  have  been  subjected  to  experiroer^al  stroke  and  monkeys  in 
which  radioisotope  ventriculography  is  performed)  is  also  anticipated. 

Honors  and  Awards :  None 

Publications:  None 
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1.  Surgical  Neurology  Branch 

2 .  Neuroradiology 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  Experimental  Spinal  Cord  Angiography 

Previous  Serial  Number:   Same 

Principal  Investigators:  Giovanni  Di  Chiro,  M.D. 

Larry  C.  Fried,  M.D. 

Other  Investigators :  None 

Cooperating  Units:  Diagnostic  Radiology  Department,  Clinical  Center,  NIH 

Department  of  Neurosurgery,  University  of  California 
School  of  Medicine,  Davis,  California 

Man  Years: 

Total:  .2 

Professional:  .2 

Others :  .  0 

Project  Description: 

Objectives:  The  clinical  value  of  the  NIH  developed  technique  of 
selective  arteriography  in  the  management  of  arteriovenous  malformations  and 
tumors  (in  particular  hemangioblastomas)  of  the  spinal  cord  is  now  well  es- 
tablished.  It  is  obvious,  however,  that  two  conditions  must  be  met  if  this 
method  is  to  become  a  more  advantageously  and  frequently  used  diagnostic 
procedure.   The  technique  needs  to  be  simplified,  and  its  clinical  indications 
must  be  expanded  to  include  the  common  and  important  obstructive  vascular 
disease.  To  attain  the  two  above-mentioned  goals,  we  have  started  to  work  in 
the  area  of  experimental  spinal  cord  angiography. 

Methods  Employed:  Experimental  spinal  cord  angiography  has  been  carried 
out  in  various  animals:  Primates --monkeys  and  chimps — dogs,  cats,  rats.  Our 
largest  experience,  however,  has  been  gathered  with  the  Rhesus  monkey  (Macaca 
mulatta) :  Over  100  such  primates  have  been  used  for  our  work.  The  remarkable 
similarity  of  the  anatomical  arrangement  of  the  cord  arterial  supply  in  the 
macaque  and  man  makes  this  species  of  monkey  particularly  suitable  for  this 
type  of  research.  We  have  been  centering  our  attention  on  the  thoracolumbar 
cord,  although  few  experiments  have  been  carried  out  to  angiographically 
evaluate  the  cervico-thoracic  cord. 
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The  angiographic  studies  were  performed  by  aortic  catheterization. 
Serialograms  were  taken  in  both  anteroposterior  and  lateral  projections,  and 
in  most  instances  a  direct  radiographic  magnification  technique  was  used 
(tube  with  0.3  focal  spot).   Three  basic  aortographic  techniques  were  used: 
1)  Conventional,  2)  Pressor  amines  aortography,  where  the  angiographic 
studies  followed  the  aortic  injection  of  various  pressor  amines,  200  meg. 
of  levarterenol  base  being  most  frequently  used,  and  3)  External  abdominal 
compression  aortography  where  the  angiographic  study  was  carried  out  after 
establishing  marked  (200  to  300  mm  of  Hg.)  external  abdominal  compression  by 
means  of  an  inflatable  balloon. 

Blood  flow  "currents"  within  the  large  spinal  cord  arteries  have  been 
evaluated  by  visual  and  cinematographic  controls  of  the  surgically  exposed 
cord  after  perfusion  with  vital  dyes  (coomassie  blue,  Evans  blue). 

Major  Findings:   During  the  current  fiscal  year,  we  have  been  able  to: 

1)  Demonstrate  angiographically--using  the  previously  reported  tech- 
niques of  pressor  amine  aortography  and  abdominal  compression  aortography-- 
the  nonnal  spinal  cord  veins  in  the  Rhesus  monkey  (Macaca  mulatta) . 

2)  By  visual  and  cinematographic  control  of  the  surgically  exposed  cord 
after  perfusion  with  vital  dyes  (coomassie  blue,  Evans  blue),  we  have  gathered 
clear  evidence  that  ascending  and  descending  currents  of  the  blood  flow  do, 
indeed,  exist  in  the  large  spinal  cord  arteries  of  the  Rhesus  monkey. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  blood  flow  currents  in  the  spinal  cord  arteries,  and  reversals  of  these 
currents,  have  great  significance  in  the  vascular  pathophysiology  of  the 
spinal  cord.   These  currents  are,  in  our  opinion,  one  of  the  basic  compen- 
satory mechanisms  in  cases  of  sectional  cord  ischemia. 

Proposed  Course  of  Project:  We  have  had  occasion  to  carry  out  in  human 
patients  selective  arteriography  of  the  spinal  cord  in  cases  of  suspected  or 
verified  post  radiation  myelitis  and  we  have  observed  findings  (particularly 
obstructive  arterial  changes)  which  need  to  be  evaluated  in  their  significance. 
For  this  reason  we  intend  to  investigate,  by  selective  arteriography  of  the 
spinal  cord,  radiation  myelitis  in  an  experimental  model  (monkeys) . 

Honors  and  Awards :  None 

Publications:   Fried,  L.  C,  Doppman,  J.  L. ,  and  Di  Chiro,  G.  :  Venous  phase 
in  spinal  cord  angiography.  Acta  Radiol.  11:   393-401,  1971. 

Di  Chiro,  G.  and  Fried,  L.  C:  Blood  flow  currents  in  spinal 
cord  arteries.  Neurology  21:   1088-1096,  1971. 
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1.  Surgical  Neurology  Brancfi 

2.  Neuroradiology 

3.  Bethesdaj  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  Angiography  of  Cerebral  Venous  Obstructive  Disease  . 

Previous  Serial  Number:  None 

Principal  Investigators:   Giovanni  Di  Chiro,  M.D. 

Mary  K.  Hammock,  M.D. 

Other  Investigators:   None 

Cooperating  Units:   Experimental  Surgery  and  Clinical  Medicine,  Laboratory 

Aids  Branch,  Division  o£  Research  Services,  NIH 

Man  Years: 

Total :  .1 

Professional:  .1 

Others:  .0. ' 

Project  Description: 

Objectives:   "Stroke"  is  one  of  the  pathological  conditions  which 
recently  has  been  a  target  attacked  from  many  different  sides.  For 
instance,  in  the  last  ten  years,  a  great  amount  of  research  has  been 
dedicated  to  the  angiographic  evaluation  of  the  cerebrovascular  obstructive 
disease.   The  major  emphasis,  however,  has  been  put  on  the  arteriographic 
findings.  A  perusal  of  the  literature  clearly  shows  that  only  scattered 
observations  have  been  made  regarding  the  phlebographic  changes.  The 
neuropatho logical  studies  (Hahn,  Loeb,  Ztllch),  on  the  other  hand,  have 
pointed  out  the  fact  that  the  obstructive  venous  pathology,  although  not 
as  frequent  as  its  arterial  counterpart,  represents  an  important  nosologic 
entity. 

We  intend  to  explore  the  angiographic  changes  occurring  in  the 
cerebral  vessels  after  experimental  obstruction  of  the  various  brain 
venous  channels  (veins  and  dural  sinuses)  in  a  primate  experimental 
model.  We  are  particularly  interested  in  establishing,  on  the  basis  of 
these  experiments,  which  venous  occlusions  can  be  well  tolerated  and 
which  are,  instead,  incompatible  with  good  function.  We  will  try  to 
establish,  again  angiographically,  what  types  of  compensatory  mechanisms 
take  place  after  the  venous  ligations.  Do  new  venous  draining  pathways 
open,  and  if  so,  which  and  how  efficient  are  these  reserve  discharge  routes? 
The  angiographic  work  will  be  carried  out  in  close  connection  with  an 
analysis  of  the  clinical  status  of  the  operated  animals. 
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The  knowledge  acquired  in  our  experimental  models  will  be  extended 
to  human  material. 

Methods  Employed:   Catheter  arteriographic  studies  in  the  monkey 
(Macaca  mulatta)  are  performed  before  and  after  ligation  of  one  or 
several  of  the  large  endocranial  venous  channels. 

Together  with  the  post-surgical  angiographic  evaluation,  an  analysis 
of  the  clinical  condition  of  the  monkeys  is  carried  out.  After  various 
periods  of  time  following  the  venous  ligations,  the  animals  are  finally 
sacrificed  in  order  to  carry  out  microangiographic  and  gross  and  micro- 
scopic neuropathologic  studies. 

We  are  planning  microangiographic  studies  of  brains  (supplied  by  the 
AFIP)  of  patients  who  have  died  of  possible  cerebral  thrombophlebitis. 

Major  Findings:  We  have  acquired  a  significant  degree  of  experience 
in  the  evaluation  of  the  monkey  cerebral  angiography.   We  have  been  im- 
pressed by  the  remarkable  similarity  of  the  major,  and  even  medium  size 
vessels  (arteries,  veins,  dural  sinuses), in  the  Wiesus  monkey  and  man. 
We  have  good  evidence,  therefore,  that  the  primate  model  will  be  applicable 
to  the  goals  of  our  research  project. 

We  have  carried  out  in  a  group  of  Rhesus  monkeys,  ligation  of  the 
superior  longitudinal  sinus  in  its  anterior,  middle,  or  posterior  third. 
Cerebral  angiographic  studies  have  been  performed  before  and  at  various  time 
intervals  after  the  ligation.  We  are  now  in  the  process  of  evaluating  our 
angiographic,  surgical,  gross  and  light  microscopic  anatomo-pathologic 
findings  in  the  operated  monkeys. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
This  project  can  increase  our  understanding  of  the  pathophysiology  of  the 
cerebrovascular  occlusive  disease.   Possibly,  we  will  be  able  to  recognize 
and  separate  specific  conditions  (mainly  due  to  venous  drainage  impairment) 
in  the  large  group  of  pathologic  entities  which  are  classified  under  the 
heading  of  "stroke." 

Proposed  Course  of  Project:  We  intend  to  continue  our  experimental 
investigation  in  monkeys . 

Later  on  we  intend  to  apply  the  acquired  experimental  knowledge  to  the 
human  clinical  experience. 

Honors  and  Awards :  None 

Publications:  None 
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1.  Surgical  Neurology  Branch 

2.  Neuroradiology 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:  Scanning  (and  Tomoscanning)  o£  Tumoral  and  Hemorrhagic 
Experimental  Cerebral  Lesions 

Previous  Serial  Number:  Same 

Principal  Investigators:  Giovanni  Di  Chiro,  M.D. 

Sherman  C.  Stein,  M.D. 
Timothy  Harrington,  M.D. 

Other  Investigators:  None 

Cooperating  Units:  Department  of  Nuclear  Medicine,  Clinical  Center,  NIH 

Experimental  Surgery  and  Clinical  Medicine  Section, 
Laboratory  Aids  Branch,  Division  o£  Research  Services,  NIH 

Man  Years: 

Total:  -2 

Professional:  .2 

Others :  . 0 

Project  Description: 

Objectives:  During  previous  years  we  have  carried  out  extensive  clinical 
studies  comparing  various  radiopharmaceuticals  for  the  detection  of  endocranial 
tumors  and  other  space  occupying  lesions  (Di  Chiro,  G. ,  Spar,  I.  L. ,  Bale,  W.  F. 
Laskowski,  E.  J.,  Goodland,  R.  L. ,  and  Matthews,  W.  B. :   RIAF  (radioiodinated 
ant i- fibrinogen)  encephalography.   First  experiences.  Acta  Radiol.  1:   967- 
971,  1963;  Di  Chiro,  G.,  Ashbum,  W.  L. ,  and  Grove,  A.  S.  :  Which  radioisotopes 
for  brain  scanning?  Neurology  18:   225-236,  1968;  Di  Chiro,  G. :  Relative 
value  of  air  studies,  angiography,  and  scanning  in  the  diagnosis  of  glial 
intracranial  tumors.  Progr.  Neurol.  Surg.  2:  292-317,  1968;  and  Schall, 
G.  L.,  Zeiger,  L.  S.,  Di  Chiro,  G.,  Briner,  W.  H. ,  and  Mat sen,  F. :  Clinical 
comparison  of  two  99mxc  tracers  for  brain  scanning:  Pertechnetate  vs.  labeled 
albumin.  Radiology  99:  361-368,  1971).  These  clinical  studies  have  not  been 
conclusive.   It  is  evident  that  individual  lesions  are  detected  by  the  use  of 
one  radioisotope  while  they  are  missed  when  scanning  with  other  radioactive 
tracers.  We  have  not  been  able,  however,  to  establish  definite  and  consistent 
patterns  of  detecting  reliability  of  the  various  tracers  for  the  different 
endocranial  lesions.  It  was  for  this  reason  that  in  the  mid  60 's  we  initiated 
the  cooperation  with  the  distinguished  virologist.  Dr.  G.  F.  Rabotti.  We 
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intended  to  develop  an  experimental  brain  tumor  model  in  large  animals  (dogs) 
which  could  be  used  for  radioactive  scanning  purposes  and  comparison  of  the 
various  radiopharmaceuticals  for  the  detection  and  localization  of  endocranial 
and  space  occupying  lesions.   We  were  successful  in  developing  this  model 
(Grove,  A.  S. ,  Jr.,  Di  Chiro,  G. ,  and  Rabotti,  G.  F.:   Rous  sarcoma  virus  (RSV)j 
induced  brain  tumors  in  dogs  with  a  review  of  experimental  intracranial  and    ' 
neurogenic  tumors.   J .  Neurosurg .  26:   465-477,  1967).   In  addition,  many 
years  ago  we  also  developed  an  experimental  model  of  hemorrhagic  lesion  in 
dogs  (see  ADDENDUM  in  Di  Chiro,  G.,  Spar,  I.  L. ,  Bale,  W.  F.,  Laskowski,  E.  J., 
Goodland,  R.  L. ,  and  Matthews,  W.  B. :   RIAF  (radioiodinated  anti- fibrinogen) 
encephalography.   First  experiences.  Acta  Radiol.  1:   967-971,  1963).   We 
have,  therefore,  available  to  us  both  a  model  of  primary,  virus  induced  canine 
glial  brain  tumor,  and  a  model  of  hemorrhagic  cerebral  lesions  in  dogs.  A 
rectilinear  scanner,  specifically  purchased  for  these  experimental  studies,  is 
already  in  full  operation.  We  have  proven  that  we  may  clearly  demonstrate  the 
radioactive  brain  uptake  in  dogs.   This  uptake  distributes  itself  in  a  constant 
anatomical  pattern  and  within  this  pattern,  we  hope  to  be  able  to  demonstrate 
by  scanning,  brain  tumors  and  bleedings. 

Methods  Employed:  A  wide  variety  of  radiopharmaceuticals  are  (or  will  be) 
injected  in  dogs  harboring  experimental  brain  tumors  or  hemorrhagic  cerebral 
lesions.   For  the  time  being  we  are  concentrating  our  attention  on  the  commonly 
employed  radioisotopes:   99mTc04-,  131I-HSA,  203Hg-chlormerodrin,  l^^Hg- 
chlormerodrin,  99raTc-HSA.  Tests  are  also  being  carried  out  with^'^Ga  citrate 
which  presents,  with  its  alleged  tumor  cells  specificity,  intriguing  possibil- 
ities. Obviously,  however,  the  choice  of  the  radiopharmaceutical  which  may 
be  used  is  unlimited.   For  instance,  tagging  with  gamma  emitters  chemothera- 
peutic  drugs  currently  used  for  treating  brain  tumors,  is  an  interesting 
possibility  well  worthwhile  exploring. 

Major  Findings:  At  this  point  we  have  developed  the  brain  scanning 
technique  in  dogs.   The  cerebral  distribution  of  the  radioactive  tracers  in 
these  animals  follows  a  distinctive  anatomical  pattern,  particularly  as  seen 
in  the  vertex  (submento-vertex;  axial)  projection.   The  activity  in  the  salivary 
glands,  mouth,  nose,  and  soft  tissue  surrounding  the  skull,  although  very 
significant,  does  not  in  this  particular  view  prohibit  a  recognition  of  the 
relatively  low  background  area  of  the  brain.   In  this  low  background  area  we 
hope  that  the  tumoral  and  hemorrhagic  lesions  will  be  easily  recognizable. 
Indeed,  in  one  instance,  a  tumor  has  been  clearly  shown  by  scanning. 

A  major  problem  has  been  encountered,  however,  during  the  current  fiscal 
year.  We  have  not  been  able  to  consistently  obtain  experimental  tumors  large 
enough  to  fall  within  the  resolution  of  our  various  radioactivity  detecting 
devices.  In  the  majority  of  the  dogs  the  RSV  induced  brain  tumors  have  been 
small  and  diffusely  widespread  within  the  ventricular  cavities  and  all  around 
the  surface  of  the  brain.  This  disappointing  development  is  now  being  evalu- 
ated in  regard  to  the  future  course  of  research  in  this  area. 
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Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
Scanning  of  experimental  tumors  and  hemorrhagic  lesions  represents,  in  our 
opinion,  the  logical  and  practical  model  to  compare  the  relative  merits  of  the 
various  radiopharmaceuticals  currently  used  in  man  for  the  detection  and  local- 
ization of  cerebral  neoplasms.  The  number  of  radioactive  tracers  that  can  be 
tested  by  this  system  is  essentially  unlimited,  and  the  only  problem  will  be 
that  of  selecting  "the  magic  bullet."  We  are  particularly  interested  in  testing 
radioactively  tagged  anti-tumoral  drugs.   These  tests  will  be  helpful  in  two 
ways:   on  one  side  we  should  learn  if  indeed  the  anti-tumoral  drug  concentrates 
in  the  neoplasm;  on  the  other  hand,  the  "cold"  anti-tumoral  pharmaceutical  could 
be  used  to  treat  an  experimental  tumor.  At  a  certain  stage  of  the  treatment 
the  same  "hot"  pharmaceutical  could  be  used  to  grade  the  response  (by  scanning) 
of  the  neoplastic  lesion  to  the  anti-tumoral  drug. 

Proposed  Course  of  Project:  The  fact  that  the  majority  of  the  RSV  induced 
brain  tumors  in  dogs  have  been  small,  or  very  small,  and  widespread, rather  than 
discrete  and  well  localized,  has  represented  a  disappointment.   The  majority 
of  the  produced  RSV  tumors  are,  because  of  their  size,  well  below  the  resolution 
of  our  radioactive  detecting  equipment.   This  has  made  us  reconsider  our  plans. 
It  would  appear  that  at  this  stage  the  amount  of  work  and  expenses  needed  for 
the  induction  of  the  RSV  brain  tumors  in  dogs,  is  not  being  compensated  by  the 
limited  number  of  tumors  attaining  a  satisfactory  size.   We  could  proceed  with 
our  work  in  this  area  , using  the  hemorrhagic  experimental  lesions  in  dogs. 
Considering,  however,  that  we  have  now  available  a  good  experimental  stroke 
model  in  monkeys,  we  have  decided  to  dedicate  our  efforts  to  the  multirde  radio- 
isotope scanning  (and  Tomoscanning)  of  experimental  infarction  in  monkeys. 

This  project  has  been  terminated. 

Honors  and  Awards :  None 

Publications:  None 
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1.  Surgical  Neurology  Branch 

2 .  Neuroradiology 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Studies  on  Cerebral  Blood  Flow  in  Normal  and  Infarcted  Brain 
by  Radiographic  and  Radioisotopic  Methods 

Previous  Serial  Number:  Same 

Principal  Investigator:  Giovanni  Di  Chiro,  M.D, 

Other  Investigators:   Leslie  S.  Libow,  M.D. 

Timothy  Harrington,  M.D. 

A.  Eric  Jones,  M.D. 
Cooperating  Units:   Laboratory  of  Clinical  Science,  National  Institute  of 

Mental  Health,  NIH 

Diagnostic  Radiology  Department,  Clinical  Center,  NIH 

Department  of  Nuclear  Medicine,  Clinical  Center,  NIH 

Man  Years : 

Total :  .  8 

Professional:  .8 

Others :  .  0 

Project  Description: 

Objectives :  Although  an  enormous  number  of  studies  have  been  carried  out 
on  the  cerebral  blood  flow  (CBF) ,  the  actual  behavior  of  the  small  cerebral 
vessels  (arteries,  capillaries,  and  veins)  in  physiologic  and  pathologic  con- 
ditions is  not  yet  clear.   In  fact,  in  recent  years,  new  concepts --luxury 
perfusion,  intracerebral  steal,  blue  arteries  and  red  veins,  loss  of  auto- 
regulation--have  been  introduced.   These  concepts  have  not  brought  about 
increased  clarification,  but  rather  additional  confusion.  We  are  convinced 
that  morphological  analysis  of  the  vessels  still  remains  a  potential  source 
of  significant  information  in  the  area  of  normal  and  pathological  CBF.  We 
intend,  therefore,  to  pursue  the  matter  of  extracting  information  regarding 
the  circulatory  conditions  of  the  brain  from  radiographic  observations,  sub- 
stantiated in  selected  instances  by  radioisotopic  methods  and  possibly  other 
diagnostic  and  research  techniques. 

Methods  Employed:  Radiographic  and  radioisotopic  observations  of  the 
cerebral  circulation  represent  the  main  tools  to  be  used  in  this  study. 
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An  experimental  stroke  model  in  Rhesus  monkeys  has  been  developed.   The 
middle  cerebral  artery  is  occluded  at  its  origin  through  the  superior  orbital 
fissure  after  the  removal  of  the  eyeball.   This  technique  (Garcia)  offers 
various  advantages.   Particularly  important  is  the  fact  that  the  produced  in- 
farction is  consistent  in  its  anatomical  location  (medial -inferior  district  of 
the  ipsilateral  basal  ganglia)  and  its  extent.  Also,  because  no  craniectomy 
is  needed,  subsequent  studies  with  radioisotope  scanning  are  easily  interpret- 
able. 

After  production  of  the  stroke,  monkeys  are  followed  in  their  clinical 
status  and  by  various  laboratory  tests, 

A)  Angiography  is  carried  out  before  and  after  surgery. 

B)  Sequential  conventional  brain  scans  are  performed  after  surgery;  rapid 
flow  radionuclide  studies  are  also  used  to  evaluate  and  compare  the  CBF  in  the 
infarcted  and  normal  hemispheres. 

C)  At  various  time  intervals  after  the  creation  of  the  stroke,  the 
animals  are  sacrificed  by  a  "sudden  death"  technique  and  immediately  after- 
wards perfused  with  a  special  micropaque  solution  for  post-mortem  microangio- 
graphic  studies. 

D)  The  "sudden  death"  is  accomplished  under  various  attempts  at  modifying 
the  pathophysiology  of  the  CBF:  hyperventilation,  hypercarbia,  anoxia,  hyper 
and  hypo-tension,  use  of  vasodilators. 

E)  In  a  few  monkeys  perfusion  with  the  radioiodinated  albumin  macro- 
aggregates  for  scanning  appraisal  of  the  infarcted  hemisphere  has  also  been 
carried  out. 

F)  In  other  animals  autoradiographic  studies  with  Zn^^  citrate  have 
been  performed. 

Major  Findings:  We  are  very  pleased  with  the  experimental  stroke  model 
which  we  have  developed.   The  possibilities  of  investigation  with  this  model 
are  practically  unlimited.   We  have  started  evaluating  the  many  data  available 
to  us  from  the  first  group  of  infarcted  monkeys. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
We  are  confident  that  with  our  stroke  model  we  will  be  able  to  contribute  both 
in  the  basic  area  of  CBF  pathophysiology  of  the  infarcted  brain,  as  well  as  in 
the  practical  management  of  the  patients  with  stroke.   Perhaps  we  will  shed 
some  light  on  such  fundamental  questions  as :   a)  if  and  when  we  should  hyper- 
ventilate patients  with  stroke;  b)  when,  if  ever,  induced  hypercarbia  may  be 
useful  in  these  patients;  c)  what  is  the  optimal  level  at  which  the  blood 
pressure  should  be  maintained  during  the  various  stages  of  the  stroke;  d)  if, 
when,  and  which  vasodilators  should  be  used. 
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Proposed  Course  of  Project:   This  is  a  long-range  research  project.  The 
evaluation  of  the  cerebral  blood  flow  both  in  experimental  models  and  in  clin- 
ical material  is  still  in  its  infancy  but  we  are  convinced  that  it  will  develop 
into  a  full  discipline. 

Honors  and  Awards :  None 

Publications:  Di  Chiro,  G.  and  Libow,  L.  S.:  Carotid  siphon  calcification 
and  cerebral  blood  flow  in  the  healthy  aged  male.  Radiology 
99:   103-lOG,  1S71, 
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ANNUAL  REPORT 
July  1,  1971  through  June  30,  1972 
Branch  of  Electroencephalography  and  Clinical  Neurophysiology 
Intramural  Research 
National  Institute  of  Neurological  Diseases  and  Stroke 

Cosimo  Ajmone  Marsan,  M.D.,  Chief 

Summary  of  Program  Activity 

1 .  Clinical -Pi agnostic  Service 

This  service  represents  a  considerable  portion  of  the  overall  activity 
of  the  Branch,  over  40%  of  man  years  (1,1  professional  and  3.95 
technical-secretarial )  being  devoted  to  it.  It  is  provided  to  all 
patients  in  the  Clinical  Center  (both  in-  and  out-patients)  referred 
for  an  electroencephalographic  examination,  either  as  part  of  their 
routine  clinical  work-up  or  for  specific  research  projects  originating 
outside  of  this  Branch  and/or  Institute. 

From  the  time  of  preparation  of  the  last  report  (April  13,  1971)  to  that 
of  the  present  report  (April  13,  1972)  a  total  of  1,353  EEC  tracings 
have  been  obtained  and  interpreted  in  our  Laboratory,  on  the  basis  of 
corresponding  referrals  from  the  various  Institutes,  and  specifically: 

% 


INSTITUTE 

NO. 

NINDS  (OP  - 

■  419) 

901 

NCI 

167 

NIMH 

112 

NHI 

70 

NIAMD 

73 

66, 

.6 

12, 

.3 

8, 

.3 

5, 

,2 

5. 

,4 

NIAID  26  1.9 

NIDR/EHS  4  0.3 

1,353  100.0 

Two  thirds  of  the  referrals  have  originated  from  NINDS  and,  in  particular, 
from  the  Branch  of  Neurological  Surgery.  A  considerable  number  of  the 
452  examinations  requested  by  the  other  Institutes  were  carried  out  in 
the  Ward,  at  the  patient's  bed  and/or  in  intensive  care.  In  addition 
to  the  routine  examinations,  which  included  those  obtained  from  some 
patients  with  chronically  implanted  electrodes,  28  electrocorticograms 
were  performed  in  the  course  of  surgical  exposure  of  the  cerebral  cortex 
for  the  treatment  of  epileptic  seizures,  in  cooperation  with  the 
Branch  of  Neurological  Surgery,  NINDS 
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2.  Research  Activity 

Of  the  16  research  projects  included  in  the  previous  Annual  Report,  5 
were  completed  and  the  results  have  already  appeared  in  published  form 
or  are  in  course  of  publication.  Two  have  been  discontinued  and  9  are 
included  in  the  current  report  together  with  7  new  projects.  Of  the 
17  projects  in  the  current  report,  7  are  considered  completed  and  8 
have  been  discontinued. 

One  project  deals  with  a  study  of  neurosecretory  cells  in  the  supra- 
optic nucleus  of  cat  and,  specifically  with  their  response  to  micro- 
iontophoretic  application  of  various  substances.  The  results  (which  are 
summarized  in  the  project  description  and  have  been  presented  in  three 
publications),  suggest  that  these  cells  possess  two  functionally  distinct 
cholinoceptive  sites  (a  nicotinic  and  a  muscarinic  one)  leading  respectively 
to  their  excitation  and  depression.  Another  project  dealing  with  the 
pharmacology  of  the  brain-stem  raphe  nuclei  projecting  to  the  supra- 
chiasmatic  nucleus  of  the  hypothalamus,  has  yielded  some  preliminary 
results  on  the  effects  of  serotonin  and  norepinephrine  but  the  project 
has  been  discontinued  due  to  technical  difficulties. 

Two  investigations  carried  out  on  neurons  of  Aplysia  have  demonstrated 
that  a)  the  effects  of  cyanide  (i.e.,  marked  depression  of  neuronal 
excitability)  are  due  to  a  decrease  in  membrane  resistance  and  steady 
hyperpolarization  of  membrane  potential;  b)  the  effects  of  salycilate  and 
organic  anions  consist  of  an  increased  membrane  permeability  to  potassium 
and  a  decrease  permeability  to  chloride;  c)  procaine  and  organic  cations 
decrease  potassium  and  increase  chloride  permeability.  These  findings 
suggest  possible  mechanisms  involved  in  the  action  of  analygesics  and 
local  anesthetics. 

A  new  project  deals  with  pharmacological  studies  on  the  isolated  spinal 
cord  of  frogs,  and  specifically  on  dorsal  and  ventral  root  potentials. 
Different  effects  could  be  demonstrated  for  picrotoxin  and  strychnine,  the 
former  drug  -but  not  the  latter-  tending  to  block  all  GABA-mediated 
events.  Dorsal  root  depolarizations  induced  by  both  GABA  and  glutamate 
and  ventral  root  depolarization  induced  by  glutamate  appear  to  be 
Na-dependent,  whereas  the  GABA-induced  ventral  root  hyperpolarization 
would  be  Cl-dependent.  The  study  suggests  that  GABA  utilizes  different 
ionic  mechanisms  to  depolarize  different  terminals  and  hyperpol arize 
motoneurones.   The  mechanism  of  action  of  some  convulsant  agents  could 
be  through  a  GABA  antagonism  both  at  pre-  and  post-synaptic  levels. 

Dissociated  spinal  cord  tissue  culture  from  chick  embryos  has  been  used 
in  another  project  for  morphological,  physiological  and  pharmacological 
studies  of  synaptic  and  cellular  phenomena.  In  such  a  preparation, 
neurons  show  a  good  differentiation  and  one  can  demonstrate  the  formation 
of  both  excitatory  and  inhibitory  synapses.  Tissue  cultures  from  chick 
embryos  were  also  employed  in  another  series  of  experiments  to  investigate 
the  electrophysiological  characteristics  of  dorsal  root  ganglion  cells. 
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and  specifically  the  mechanism  underlying  their  spike  generation.  These 
three  projects  are  partially  completed  and  will  not  be  continued  in  the 
next  fiscal  year  due  to  the  departure  of  the  senior  investigator.  The 
results  obtained  up  to  the  present  time  have  been  published  or  are  in 
course  of  publication. 

Three  projects  are  concerned  with  the  cellular  (neuronal  and  glial) 
population  phenomena  in  the  hippocampus  under  the  effect  of  epilepto- 
genic agents.  Object  of  one  of  such  projects  has  been  the  analysis  of 
the  extracellularly  recorded  firing  patterns  of  individual  units  in 
correspondence  with  their  paroxysmal  inter-ictal  behavior  and  in  the 
transition  from  such  behavior  to  ictal  (seizure)  episodes.  This  study  has 
shown  a  great  variety  of  firing  patterns  in  different  elements  and  also 
the  modification  of  such  patterns  in  the  same  given  element  with  time. 
In  addition,  this  study  would  suggest  that  it  is  dangerous  to  draw  conclusions 
as  to  the  particular  type  of  involved  neuron  on  the  basis  of  its  firing 
pattern.  Another  project  has  attempted  to  define,  in  the  same  preparation, 
the  minimal  amount  of  synaptic  organization  which  is  susceptible  to  the 
epileptogenic  effects  of  penicillin  and  is  capable  of  supporting  the 
inter-ictal  and  ictal  manifestations  characteristic  of  an  epileptogenic 
focus.  Relatively  small  regions;  e.g.  including  only  CA  1-2  or  CA  2-3  of 
the  hippocampal  formation  have  been  shown  to  exhibit  electrographic 
epileptiform  phenomena,  and  the  occurrence  of  the  latter  does  not 
require  other  intra-hippocampal  or  extra-hippocampal  connections.  The 
third  project  is  focused  on  the  membrane  potential  of  glial  cells  within 
the  local  hippocampal  epileptogenic  process  as  a  possible  measure  of 
extracellular  potassium  accumulation.  Characteristic  changes  of  the 
membrane  potential  of  glial  cells  have  been  noted  in  correspondence  to 
the  paroxysmal  events  manifested  by  the  so-called  "epileptic"  neurons: 
some  of  these  changes  appear  to  be  closely  related  to  the  development 
of  an  ictal  episode  and  are  probably  a  reliable  indication  of  an 
excessive  accumulation  of  potassium  in  extracellular  spaces.  These  three 
projects  are  considered  completed;  the  results  are  in  the  process  of  being 
submitted  for  publication.  Also  completed  is  the  project  dealing  with  an 
electronmicroscopic  study  of  the  cat  hippocampus  which  had  been  described 
in  the  preceding  Annual  Report. 

Two  new  projects  are  concerned  with  the  study  of  brain  energy  metabolism 
in  vivo  under  various  conditions.  Specifically  they  utilize  the  fluorome- 
tric  monitoring  of  the  changes  in  the  ratio  of  oxidized  to  reduced 
nicotine  adenine  dinucleotide.  In  one  series  of  experiments,  this 
metabolic  activity  has  been  investigated  at  the  level  of  the  hippocampal 
cortex  of  cat,  in  normal  conditions  and  during  the  development  of  effects 
induced  by  topical  application  of  penicillin,  KCl  and  repetitive  electrical 
stimulation.  The  results  of  this  study,  which  are  of  particular  interest 
for  the  mechanism  of  onset  of  epileptiform  activity,  are  summarized  in 
the  project  description  and  are  presently  in  course  of  publication.  The 
other  project  has  involved  the  design  and  development  of  an  instrument 
to  monitor  these  same  intracellular  redox  changes,  suitable  to  be  used 
in  human,  in  the  surgical  operating  room.  Having  succeeded  in  developing 
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such  an  instrument,  the  same  has  been  applied  in  various  pathological 
conditions  (e.g.  brain  tumors,  epilepsy)  with  promising  results. 
Additional  findings  are  however  necessary  before  definite  conclusions  can 
be  drawn  and  this  project  will  be  continued  in  the  next  fiscal  year. 

The  use  of  repetitive  electrical  stimulation  of  various  CNS  structures 
is  one  of  the  traditional  methods  used  for  the  experimental  reproduction 
of  seizure  activity.  The  description,  analysis  and  discussion  of  this 
method  has  been  the  object  of  a  new  project.  The  project  is  completed 
and  the  results  have  been  included  in  a  written  report  to  form  a  special 
chapter  in  a  monograph  on  "Model  of  experimental  epilepsy"  to  be 
published  under  the  sponsorship  of  NINDS. 

Three  projects  utilize  exclusively  clinical  material.  One  had  been 
initiated  in  the  previous  fiscal  year  and  has  been  recently  completed 
with  the  results  ready  to  be  submitted  for  publication.  Such  study  deals 
with  the  various  seizure  patterns  (sensory,  motor,  autonomic  and  other 
phenomena)  which  can  be  observed  in  patients  with  electrographic  evidence 
of  epileptiform  abnormalities  localized  within  the  fronto-centro-parietal 
regions  of  the  brain.  The  findings,  which  have  been  obtained  by 
correlating  the  various  patterns  with  the  specific  EEG  localization  and 
lateralization  and  with  a  number  of  other  physiological  and  clinical 
variables,  are  summarized  in  the  project  description.  Some  of  these  results 
are  of  practical  usefulness  and  should  prove  of  considerable  help  in  the 
topographical  identification  of  the  epileptogenic  process  and,  indirectly, 
for  its  surgical  treatment.  Another  project  deals  with  the  effects  of 
surgical  removal  of  parts  of  the  brain  upon  performance.  Specifically, 
it  deals  with  reaction  time  patterns  of  both  upper  limbs  before  and  at 
various  times  following  temporal  lobectomy,  and  in  relation  to  the 
laterality  of  excision.  Preliminary  results,  obtained  in  18  patients, 
would  indicate  a  significant  prolongation  of  reaction  time  in  the 
immediate  post-excision  period  with  variable  patterns  of  recovery  to  the 
pre-operative  reaction  time  values  (or  with  no  apparent  recovery  in  5  weeks). 
This  study  will  be  continued  through,  and  should  be  probably  completed  in 
the  coming  fiscal  year.  The  last  project  deals  with  the  findings  of 
direct  cortical  recording  in  epileptic  patients.  The  first  part  is  a 
description  of  technique,  indications  and  limitations  of  electrocorticography 
and  an  analysis  of  general  data  in  both  normal  cortex  and  cortex  involved 
by  the  epileptogenic  process.  This  part  should  be  completed  in  the  near 
future,  to  be  included  as  a  special  chapter  in  the  "Handbook  of 
Electroencephalography  and  Clinial  Neurophysiology."  The  second  portion 
includes  an  analysis  and  correlation  of  electrocorticographic  findings 
and  pre-  and  post-operative  EEG  and  clinical  findings  as  well  as  surgical 
results  in  cases  in  which  cortical  excision  has  been  carried  out.  This 
part  of  the  project  will  continue  in  the  coming  fiscal  period. 

Programs  considered  for  the  near  future. 

Some  of  the  projects  which  are  still  pending  should  be  completed  in  the 
coming  fiscal  year.  No  major  changes  in  the  field  of  investigations 
are  anticipated  in  the  immediate  future. 


Serial  No.  NDS(I)-70  EEG/CN  1796(c) 
1.  Electroencephalography  and 

Clinical  Neurophysiology 
2. 
3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:  Responses  of  supraoptic  neurosecretory  cells  to  microiontophore- 
tically  applied  substances 

Previous  Serial  Number:  Same 

Principal  Investigator:  J.  L.  Barker,  M.  D,,  J.  W.  Crayton,  M.D. 

and  R.  A.  Nicoll,  M.D. 

Other  Investigators:    NONE 

Cooperating  Units:  Division  of  Special  Mental  Health  Research 

Laboratory  of  Neuropharmacology 
St.  Elizabeth's  Hospital,  NIMH 

Man  Years: 

Total:         0.16 
Professional:    0.15  (JLB) 
Other:         0.01 

Project  Description: 

Objectives:  The  neural  input  to  the  supra-optic  nucleus  mediates  the 
synthesis  and  release  of  vasopressin  (ADH)  from  neurosecretory  neurons  of  the 
nucleus.  The  role  played  by  possible  neural  transmitter  substances  in  regulat- 
ing these  processes  is  not  known.  The  present  study  focuses  on  the  responses 
of  antidromically  identified  supra-optic  cells  to  microiontophoretically 
applied  substances. 

Method  employed:  Cats  were  either  anesthetized  with  urethane  or  halothane 
or  intercollicularly  decerebrated.  Acetylcholine,  norepinephrine,  dopamine, 
serotonin,  glycine,  GABA,  MJ-1999,  glutamate,  and  DLH  were  applied  by  means  of 
iontophoresis  onto  antidromically  identified  and  unidentified  neurons  of  the 
supra-optic  nucleus  using  five-barrel  glass  micropipettes. 

Major  findings:  Since  a  majority  of  identified  supra-optic  neurons  showed 
little  or  no  spontaneous  activity, the  effect  of  various  microiontophoretically 
applied  substances  was  examined  against  a  background  of  DLH-induced  activity. 


5h 


Serial  No.  NDS(I)-70  EEG/CN  1796(c) 

Glutamate,  a  known  excitant,  did  not  activate  these  cells.  Variable  responses 
^ere  elicited  using  DLH  and  dopamint.  MJ~1999,  a  known  B-adrenerg1c  blocker, 
inhibited  the  NE  depression  of  DLH-induced  activity.  Supra-optic  neurons 
/vhich  could  not  be  antldromically  identified  responded  in  similar  fashion  to 
these  microiontophoretically  applied  substances.  In  addition,  the  inhibitions 
and  depressions  following  ACh  microiontophoresis  were  further  studied  by  using 
cholinomimetic  agonsists  and  antagonists.  Muscarinic  agonists  (carbachol  and 
acetyl --methyl choline)  always  depressed  neurosecretory  cells.  Nicotine 
sxcited  two-thirds  of  responsive  neurosecretory  cells.  Atropine,  an  antimuscarinic 
agent,  blocked  both  ACh  and  muscarinic  depressions  in  a  majority  of  cells  tested, 
Dut  failed  to  block  either  ACh  or  nicotine  excitations.  Dihydro-B-erythroidine, 
an  anti-nicotinic  agent,  blocked  both  nicotinic  and  ACh  excitations,  but  failed 
to  antagonize  ACh  or  muscarinic  depression.  The  results  suggest  that  neuro- 
secretory cells  possess  two  functionally  distinct  cholinoceptive  sites:  a 
nicotinic  receptor  site  whose  activation  by  ACh  leads  to  excitation  of  neuro- 
secretory cells  and  a  muscarinic  receptor  site,  activation  of  which  causes 
Jepression  of  neurosecretory  activity.  These  findings  are  consistent  with 
previous  pharmacologic  research  which  has  shown  that  nicotine  stimulates  (and 
lorepinephrine  inhibits)  the  release  of  ADH.  Thus,  our  results  suggest  that 
lorepinephrine  is  inhibitory  and  ACh  both  inhibitory  (muscarinic)  and  excita- 
tory (nicotinic)  at  synapses  ending  on  the  supraoptic  neurosecretory  cell. 

Significance  to  Bio-medical  Research  and  Programs  of  the  Institute: 
Pharmacological  responses  of  antidromically  identified  supra-opti c 
neurosecretory  cells  have  not  previously  been  studied.  The  pharmacological 
responses  of  these  nerve  cells  is  remarkably  similar  to  responses  reported 
in  nerve  cells  not  thought  to  serve  an  endocrine  function.  These  microionto- 
Dhoretic  data,  together  with  fluorescence  histochemical  studies  on  the  locali- 
sation of  norepinephrine  nerve  terminals  in  the  supra-optic  nucleus  suggest 
that  norepinephrine  be  given  consideration  as  an  inhibitory  neural  transmitter. 
)ince  acetylcholine  has  been  demonstrated  to  release  vasopressin  from  the 
iupra-optic  nucleus  in  vitro,  we  expected  that  microiontophoretically  applied 
)LH-induced  ADH  release  may  be  more  complicated  than  simple,  general  excita- 
tion of  supra-optic  neurosecretory  cells.  The  finding  that  most  neurosecretory 
;ells  are  silent  under  urethane  anesthesia  suggests  that  previously  published 
iata  on  spontaneously  active  units  in  the  supra-optic  region  using  urethane 
jnesthesia  were  most  likely  not  related  to  the  behavior  of  neurosecretory  cells. 

Proposed  Course  of  the  Pro.lect:  This  project  is  completed. 

^onors  and  Awards:  None 

Publications:  Barker,  J.  L.,  Crayton,  J.  W.  and  Nicoll,  R.  A. 

Noradrenative  and  acetylcholine  responses  of  supraoptic 
neurosecretory  cells.  J.  Physiol.  218:  19-32,  1971. 

Nicoll,  R.  A.  and  Barker,  J.  L.:  Excitation  of  supraoptic 
neurosecretory  cells  by  antiotensin  II.  Nature  233:  172-174, 
1971.  
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Publications  (Cont'd):  Nicoll,  R.  A.  and  Barker,  J.  L.:  Pharmacology  of 

recurrent  inhibition  in  the  supraoptic  neurosecretory 
system.  Brain  Res.  35:  501-511,  1971. 
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Serial  No.  NDSI(I)-70  EEG/CN  1798(c) 
1.  Electroencephalography  and 

Clinical  Neurophysiology 
2. 
3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  Electrical  correlates  of  active  Na  transport  in  Aplysia 
neurons:  The  effect  of  metabolic  inhibitors  (cyanide) 
on  membrane  properties 

Previous  Serial  Number:  Same 

Principal  Investigators:  D,  0.  Carpenter,  M.D.  and  J.  L.  Barker,  M.D. 

Other  Investigators:  None 

Cooperating  Units:  Laboratory  of  Neurophysiology,  NIMH 

Man  Years: 


Total : 

0.01 

Professional : 

0.0 

Other: 

0.01 

Project  Description: 

Objectives:  It  is  thought  that  energy  derived  from  oxidative  phos- 
phorylation might  be  instrumental  in  maintaining  active  transport  mechanisms, 
processes  which  have  been  implicated  in  determing  the  RMP  of  invertebrate 
neurons.  Thus,  the  effect  of  various  metabolic  inhibitors  (DNP,  lAA,  lAAmide) 
on  neuronal  excitability  has  just  recently  been  investigated.  The  progress 
of  this  study  was  continued  using  cyanide,  which  is  a  potent  inhibitor  of 
cytochrome  oxidase,  an  enzyme  important  in  coupling  oxidation  with  phosphory- 
lation and  providing  an  energy  source  for  maintaining  active  transport. 

Methods  employed:  Intracellular  recordings  were  made  from  neurons  in 
the  abdominal  ganglion  of  the  invertebrate  mollusck  Aplysia  californica 
bathed  in  solutions  of  seawater  and  sewater-cyanide  (ZMM)  at  different 
temperatures. 


exci 
RMP. 


Major  findings:  Cyanide  consistently  depressed  neuronal  activity  and 
tability  by  decreasing  membrane  resistance  and  hyperpol arizing  the 
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Significance  to  Bio-medical  Research  and  Programs  of  the  Institute: 
The  basic  mechanisms  underlying  neuronal  excitability  are  not  altogether 
clear.  These  findings  show  that  cyanide  depresses  neuronal  excitability  by 
decreasing  membrane  resistance.  The  mechanism  of  this  decrease  remains  to 
be  elucidated. 

Proposed  Course  of  the  Project:  This  project  has  been  discontinued. 

Honors  and  Awards:  None 

Publications:  Carpenter,  D.  0.,  Suover,  S.  W.  and  Barker,  J.  L.: 

Metabolic  control  of  membrane  permeability  in  Aplysia 
neurons.  Congr.  Proc.  (25th  Congress)  1971  (in  press). 
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Serial  No.  NDS(I)-70  EEG/CN  1799(c) 
1.  Electroencephalography  and 

Clinical  Neurophysiology 
2. 
3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:  The  effect  of  salicylate  on  basic  membrane  properties  of 
Aplysia  California  neurons 

Previous  Serial  Number:  Same  &  incorporating  NDS(I)-71  EEG/CN  1871(c) 

Principal  Investigator:  J.  L.  Barker,  M.D.  and  H.  Levitan,  M.D. 

Other  Investigators:    None 

Cooperating  Units:      Behavioral  Biology  Branch,  NICHD 

Man  Years: 

Total         0.41 
Professional:   0.4  (JLB) 
Other:        0.01 

Project  Description: 

Objectives:  See  previous  reports.  The  objectives  have  been  extended 
from  initial  interest  in  aspirin  and  its  ionic  mechanism  of  action  to  include 
different  classes  of  drugs  and  their  effects  on  the  biophysics  of  neuronal 

membranes. 

Methods  employed:  Double-barreled  electrodes  are  placed  in  identified 
neurons  in  Aplysia  californica  and  Navanax  inermis  and  the  surrounding  ionic 
environment  altered  in  a  controlled  fashion  both  in  the  absence  and  presence 
of  various  drugs. 

Major  findings:  Salicylate  and  all  other  organic  anions  increase 
potassium  permeability  and  decrease  chloride  permeability.  All  other  non- 
narcotic analgesics  act  in  a  similar  fashion.  Salicylate  antagonizes  pH- 
induced  changes  in  membrane  permeability  (which  are  directly  opposite  to 
those  induced  by  salicylate).  Since  pH  is  associated  with  many  forms  of 
clinical  and  experimental  pain,  similar  ionic  mechanisms  may  be  involved  in 
pain  and  non-narcotic  analgesic.  The  ability  of  an  organic  anion  to  alter 
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membrane  permeability  is  directly  related  to  its  octanol -water  partition 
coefficient  (correlation  coefficient  =  0.992)  and  inversely  related  to  its 
pka  (correl -coefficient  =  .90).  This  indicates  that  lipid  (membrane)  solubility 
and  negative  charge  are  all  that  is  needed  to  change  membrane  charge  density 
and  thereby  change  membrane  permeability  patterns.  Procaine  and  all  organic 
cations  decrease  potassium  permeability  and  increase  chloride  permeability. 
Thus  local  anesthesia  can  be  explained  simply  in  terms  of  a  charge  change 
at  the  membrane. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
We  have  demonstrated  that  changing  the  charge  at  the  membrane's  surface  is 
the  key  to  changing  the  physiology  of  the  membrane.  This  basic  finding  will 
allow  us  to  generate  several  simple  theories  regarding  the  biophysics  of 
pharmacologic  agents. 

Proposed  Course  of  the  Project:  The  project  will  terminate  because 
one  investigator  is  leaving  and  the  other  is  changing  Institutes.  Publications 
are  being  prepared  on  various  aspects  of  this  research. 

Honors  and  Award:  None 

Publications:  Barker,  J.  L.  and  Levi  tan,  H.:  Effect  on  membrane  permeability 
of  molluscan  neurons.  Science  172:  1245-47,  1971. 

Barker,  J.  L.  and  Levi  tan,  H.:  pH  and  salicylate: 
Antagonistic  effects  on  the  permeability  of  a  neuronal 
membrane.  J  Physiol.  710:  1971. 

Levitan,  H.  and  Barker,  J.  L.:  Salicylates:  molluscan 

neurons  serve  as  model  system  to  study  mechanisms  of  action 

(to  be  presented  1972  at  the  5th  Int'l  Congress  -  Pharmacology). 
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Serial  No.  NDS(I)-71  EEG/CN  1868(c) 
1.  Electroencephalography  and 

Clinical  Neurophysiology 
2. 
3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30, 


1972 


Project  Title: 


Clinical  seizure  patterns  in  patients  with  suprasylvian 
(fronto-centro-parietal )  epileptogenic  foci 


Previous  Serial  Number:  Same 


Principal  Investigator: 
Other  Investigators: 
Cooperating  Units: 
Man  Years: 


C.  Ajmone  Marsan,  M.D. 

Leo  Goldhammer,  M.D. 

Department  of  Neurology,  George  Washington  Univ. 


Total : 

0.50 

Professional : 

0.35  (CAM) 

Other: 

0.15 

Project  Description: 

Objectives:  To  analyze  the  various  sensory,  motor,  autonomic  and 
other  symptoms  which  characterize  the  ictal  episodes  in  patients  with 
electroencephalographic  evidence  of  epileptiform  activity  in  the  frontal, 
central  and  parietal  regions. 

Methods  employed:  Data  derived  from  about  200  patients  with  epileptic 
seizures  selected  on  the  basis  of  their  EEG  findings  as  specified  in  the 
objectives.  All  their  records  and  clinical  charts  are  reviewed  and  all  the 
observed  and  described  seizures  for  each  patient  are  analyzed.  The  pattern 
of  each  seizure  (up  to  25  in  any  given  patient)  and/or  the  various  motor, 
sensory  and  other  components  of  each  seizure  are  correlated  with  the  EEG, 
pathological  and  other  clinical  findings. 

Major  findings:  a)  Seizures  are  preceded  by  an  aura  in  over  70%  of 
patients,  b)  In  spite  of  the  fact  that  the  patient  population  did  not 
include  cases  with  a  focus  primarily  located  in  the  pararhinencephalic 
structures,  seizures  consisting  of  autonomic  movements  were 
present  in  45%. 


13h 


Serial  No.  NDS(I)-71  EEG/CN  1868(c) 

of  the  cases,  c)  Tonic  and/or  clonic  motor  patterns  could  be  classified  into 
nine  different  categories:  in  about  one  fourth  of  patients,  clonic  motor  patterns 
characterized  all  their  seizures  while  only  tonic  phenomena  were  seen  in  the 
seizures  of  about  one  fifth  of  the  patients,  d)  The  lateral izing  value 
(and  its  reliability)  of  13  individual  motor  phenomena  has  been  statistically 
established,  e)  Patients  with  diffuse  or  multiple  foci  tend  to  have  a 
normal  neurological  examination,  f)  Sensory  deficits  are  most  prominent  in 
patients  with  a  centro-parietal  focus,  g)  Patients  with  fronto-polar  foci 
have  the  smallest  incidence  of  hemiatrophy,  h)  A  somato-sensory  aura  is  rare 
in  patients  with  frontal  or  fronto-polar  foci,  i)  Clonic  motor  patterns 
are  exceptional  in  these  same  patients,  which  however  show  a  significantly 
high  incidence  of  psychic  auras,' automatic  behavior  and  head  and  eyes  tonic 
aversion.  These  and  a  number  of  other  findings  have  been  analyzed  and 
discussed. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
This  project  provides  useful  information  of  diagnostic  significance  for  the 
localization  and  lateralization  of  the  epileptogenic  process  and,  indirectly, 
for  its  surgical  elimination. 

Proposed  Course  of  the  Project:  This  project  is  completed.  A  paper 
should  be  submitted  for  publication  in  the  near  future. 

Honors  and  Awards:  None 

Publications:  None 
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Serial  No.  NDS{I)-71  EEG/CN  1869(c) 
1.   Electroencephalography  and 

Clinical  Neurophysiology 
2. 
3.   Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

The  conditioning  effect  of  epileptiform  discharges 
on  visually  evoked  potentials 


Previous  Serial  Number:   Same 

Principal  Investigator:   M.  J.  O'Connor,  M.  D. 

Other  Investigators:     C.  Ajmone  Marsan,  M.D, 


Cooperating  Units 


Man  Years: 


Total  : 

Professional 

Other: 


Laboratory  of  Technical  Development  of  NINDS 
and  NIMH  and  Surgical  Neurology  Branch,  IR, 
NINDS 


0 
0 
0 


Project  Description:   This  has  been  terminated 
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Serial  No.  NDS(I)-71  EE6/CN  1870(c) 
1.  Electroencephalography  and 

Clinical  Neurophysiology 
2. 
3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30, 


1972 


Project  Title: 


Reaction  time  patterns  in  patients  before  and  after 
temporal  lobectomy 


Previous  Serial  Number:  Same 


Principal  Investigator: 

Other  Investigators: 

Cooperating  Units: 

Man  Years: 

Total: 

Professional : 
Other: 

Project  Description: 


C.  J.  Herman,  M.D.,  Ph.D. 

P.  Fedio,  Ph.D. 

Surgical  Neurology  Branch,  IR,  NINDS 


0.16 

0.10  (CJH) 

0.06 


Objectives:  To  define  the  time  course  of  recovery  of  reaction  times 
of  ipsi-and  contralateral  hands  following  temporal  lobectomy. 

Methods  employed:  Reaction  time  of  each  hand  to  free  field  light  and 
tone  are  measured  before  and  after  operation  in  patients  treated  for  focal 
epilepsy  by  temporal  lobectomy.  Measurement  of  reaction  times  is  performed 
twice  before  operation  and  e'^ery   3-4  days  after  operation. 

Major  findings:  18  patients  have  been  studied  both  before  and  up  to 
5  weeks  after  temporal  lobectomy.  Reaction  times  immediately  (3-7  days) 
post-operatively  are  significantly  slowed  compared  with  pre-operative  controls 
in  the  same  patients.  Longer  term  recovery  (10-40  days)  following  operation 
is  more  variable.  Some  patients  demonstrate  decreases  in  reaction  time  to 
levels  significantly  faster  than  pre-operative  controls  while  others  do  not. 
Improvement,  when  it  occurs,  develops  pari  passu  in  both  ipsi-  and  contra- 
lateral hands  to  both  light  and  tone. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
This  project  is  of  importance  due  to  its  close  relationship  to  one  of  the  major 
activities  of  the  Branch  of  Surgical  Neurology. 
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Proposed  Course  of  the  Project:  Continued  patient  testing  will  be 
supplemented  by  careful  histopathological  review  of  material  removed  from 
the  patients.  The  hypothesis  that  functional  recovery  as  measured  by 
reaction  time  is  correlated  with  the  degree  of  abnormality  (the  inverse  of 
functional  potency)  of  excised  tissue  may  thus  be  tested. 

Honors  and  Awards:  None 

Publications:  None 
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Serial  No.  NDS(I)-71  EEG/CN  1871(c) 
1.   Electroencephalography  and 

Clinical  Neurophysiology 
2. 
3.   Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   The  effect  of  salicylate  on  basic  membrane 

properties  of  Navanax  i  nermi  s  neurons 

Previous  Serial  Number:   Same 

Principal  Investigator:   J.  L.  Barker,  M.D.,  and  H.  Levitan,  M.D. 

Other  Investigators:   None 


Cooperating  Units: 


Behavioral  Biology  Branch,  NICHD 
Laboratory  of  Neurophysiology,  NIMH 


Man  Years: 

Total :  0 

Professional :    0 
Other:  0 

Project  Description: 


During  Fiscal  Year  this  project  was  incorporated  with 
Serial  No.  NDS(I)-71  EEG/CN  1799(c). 
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Serial  No.  NDS(I)-71  EEG/CN  1874(c) 
1.   Electroencephalography  and 
Clinical  Neurophysiology 

3.   Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,  1970  through  June  30,  1971 


Project  Title:   Thermosensi ti vi ty  of  supraoptic  neurosecretory 

eel  1  s 

Previous  Serial  Number:   Same 

Principal  Investigator:   J.  L.  Barker  and  R.  A.  Nicoll 

Other  Investigators:   None 

Cooperating  Units:   Division  of  Special  Mental  Health  Research 

Laboratory  of  Neuropharmacology 
St.  Elizabeth's  Hospital,  NIMH 


Man  Years 


Total  : 

Professional 

Other: 


0 
0 
0 


Project  Description:   This  has  been  terminated 
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Serial  No.  NDS(I)-7l  EEG/CN  1875a{c) 
1.  Electroencephalography  and 

Clinical  Neurophysiology 
2. 
3,  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:  Extracellular  unit  analysis  of  penicillin  epileptic  focus 

Previous  Serial  Number:  Same  (slight  modification  of  project  title) 

Principal  Investigator:  C.  Herman,  M.D.,  Ph.D.  and  M.  Dichter,  M.D.,  Ph.D. 

Other  Investigators:  None 

Cooperating  Units:  None 

Man  Years: 

Total:       0.76 
Professional:  0.4 
Other:       0.36 

Project  Description: 

Objectives:  To  define  the  firing  pattern  of  many  units  in  various  parts 
of  the  hippocampus  during  the  isolated  interictal  spike  activity  and  during 
the  transition  to  seizure,  and  to  compare  the  more  easily  obtainable  extra- 
cellular recordings  with  the  relatively  stereotyped  intracellular  recording. 

Methods  employed:  Extracellular  recording  from  single  neurons  in  the 
hippocampus  was  used  as  an  indication  of  cell  activity.  Penicillin  epileptic 
focus  was  established  in  the  cat  hippocampus  and  the  effects  on  unit  activity 
were  noted.  Dye-filled  electrodes  marked  the  units  from  which  interesting 
recordings  were  obtained. 

Major  findings:  Contrary  to  the  stereotyped  intracellular  record, 
extracellular  recording  demonstrated  a  much  wider  and  richer  variety  of 
neuronal  activity.  Of  special  interest  was  the  observation  that  single 
cells  (the  activity  of  which  could  be  followed  for  lengths  of  time  up  to 
1  -  2  hours),  could  demonstrate  firing  patterns  which  were  first  typical 
of  "pyramidal  cell"  type  of  firing  and  then  during  subsequent  interictal 
spikes  and  transition  to  seizure,  would  demonstrate  activity  which  was 
previously  thought  to  be  that  of  an  inhibitory  interneuron.  Some  of  these 
were  antidromically  activated  by  stimulating  the  fornix  and  were  marked 
by  dye  spots  in  the  pyramidal  cell  layer.  It  would  appear  that  despite  a 
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relatively  constant  surface  electrocorticogram  from  the  hippocampus, 
individual  units  within  the  epileptic  focus  can  behave  in  markedly  different 
ways  over  "jery   short  periods  of  time. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
The  demonstration  of  marked  variations  in  the  activity  of  individual  units 
in  the  hippocampus  under  what  appear  to  be  the  same  epileptic  phenomena 
provides  strong  conditional  evidence  that  the  epileptic  focus  under  investi- 
gation is  not  a  stereotyped  set  of  relationships  between  "pace-maker"  cells 
and  "follower"  cells  within  the  piece  of  cortex  under  investigation,  but 
rather  is  a  relatively  fluid  population  or  aggregate  response,  where  individual 
units  may  participate  in  one  way  or  another  in  \/ery   closely  spaced  epileptic 
phenomena.  In  addition,  many  studies  of  cortical  seizure  phenomena  rely  on 
intracellular  unitary  recordings  for  the  bulk  of  their  data  and  it  is  clear 
from  this  study  that  such  exclusive  recordings  are  not  sufficient  to  explain 
the  richness  of  epileptic  phenomena. 

Proposed  Course  of  the  Project:  This  project  is  complete  and  the  results 
are  being  written  up  for  publication. 

Honors  and  Awards:  None 

Publications:  None 
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1.  Electroencephalography  and 

Clinical  Neurophysiology 
2. 
3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  Unit  analysis  of  minimal  synaptic  organization  required 
for  penicillin  epileptic  focus. 

Previous  Serial  Number:  Same 

Principal  Investigator:  C.  Herman,  M.D.,  Ph.D.  and  M.  Dichter,  M.D.,  Ph.D. 

Other  Investigators:  None 

Cooperating  Units:    None 

Man  Years 


Total : 

0.85 

Professional : 

0,5 

Other: 

0.35 

Project  Description: 

Objectives:  To  define  the  minimal  synaptic  organization  in  the  cat 
hippocampus  capable  of  supporting  interictal  and  ictal  manifestations  of  the 
penicillin  epileptic  focus. 

Methods  employed:  Extracellular  recording  of  single  neuronal  activity 
is  used  as  an  indication  of  cell  activity.  A  pencillin  epileptic  focus  is 
established  in  the  cat  hippocampus  and  the  effects  on  unit  activity  of  acute 
surgical  disconnection  of  various  fields  of  the  hippocampus  from  the  remainde 
of  the  hippocampus  are  evaluated.  Dye-filled  electrodes  allow  marking  and 
subsequent  anatomical  localization  of  neurons  with  defined  firing  patterns. 

Major  findings:  Lesions  surgically  isolating  CA  3-4-dentate  gyrus, 
CA  1-2,  and  CA  2-3  of  the  hippocampal  formation  indicate  that  any  of  these 
regions  support  ictal  and  interictal  activity  similar  in  electrophysiological 
detail  to  that  of  the  intact  hippocampus.  Unit  analysis  of  these  isolated 
regions  as  well  as  other  studies  we  have  done  in  the  intact  hippocampus 
indicate  that  cellular  involvement  in  epileptogenesis  is  not  stereotyped  nor 
patterned.  Thus  "driven"  and  "driving"  cells  are  not  definable.  Local  areas 
of  the  hippocampus  as  defined  above  are  sufficient  for  epileptogenesis  with 
no  input  from  the  long  extrahippocampal  or  intrahippocampal  pathways. 
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Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
Understanding  synaptic  organization  of  cortex  is  important  for  understanding 
mechanism  of  maintenance  and  spread  of  seizures.  This  is  especially  true  for 
inhibitory  and  recurrent  systems. 

Proposed  Course  of  the  Project:  This  project  is  completed  and  a  paper 
should  be  ready  for  publication  in  the  near  future. 

Honors  and  Awards:  None 

Publications:  None 
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1.  Electroencephalography  and 

Clinical  Neurophysiology 
2. 
3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  The  role  of  extracellular  potassium  accumulation  and  glial 
cells  in  penicillin  epilepsy  in  the  hippocampus 

Previous  Serial  Number:  Same 

Principal  Investigator:  M.  Dichter,  M.D.,  Ph.D.  and  C.  Herman,  M.D.,  Ph.D. 

Other  Investigators:  None 

Cooperating  Units:  None 

Man  Years: 


Total: 

0.65 

Professional 

0.4 

Other: 

0.25 

Project  Description: 

Objectives:  Accumulation  of  potassium  during  epileptic  phenomena  has 
been  proposed  as  a  mechanism  for  sychronizing  many  neurons  for  years.  Recent 
evidence  on  the  membrane  properties  of  glial  cells  in  invertebrates  and  in 
mammals  has  indicated  that  these  cells  can  behave  as  "potassium  electrodes." 
We  have  chosen  to  use  the  glial  cells'  intracellular  potentials  as  a  measure 
of  extracellular  potassium  accumulation  in  localized  areas  of  the  cortex 
during  epileptic  phenomena. 

Methods  employed:  Intracellular  recordings  were  obtained  from  silent 
cells  in  penicillin-epileptic  hippocampus.  These  recordings  were  obtained 
during  interictal  spikes,  during  transition  to  seizure,  and  during  seizures. 

Major  findings:  Silent  cells  (glial  cells)  in  the  hippocampal 
penicillin  focus  exhibited  slow  depolarizations  and  very  prolonged  repolariza- 
tions during  isolated  interictal  events.  It  was  clear  that  these  depolarizations 
followed  the  larger  depolarizations  of  the  pyramidal  cells  and  would  probably 
result  from  the  pouring  out  of  potassium  from  the  neurons  in  neighboring 
areas.  The  return  to  baseline  of  the  membrane  potential  often  took  3-5  seconds. 
As  the  interictal  spikes  were  evoked  more  frequently,  the  glial  cells  continued 
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to  depolarize  following  each  spike,  but  were  unable  to  return  to  their 
baseline  levels,  probably  indicating  that  the  levels  of  extracellular  potassium 
were  not  cleared  before  the  next  interictal  spike.  It  was  during  this  situation 
that  seizures  developed.  It  is  proposed  that  the  accumulation  of  potassium 
in  extracellular  spaces  enhances  the  excitability  of  the  epileptic  focus  to 
the  point  which  would  allow  interictal  spikes  to  develop  after-discharges  and 
to  progress  into  seizures. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
If  the  accumulation  of  potassium  in  extracellular  spaces  is  the  major  cause 
of  the  development  of  a  given  seizure  within  a  population  of  neurons  which 
has  already  become  "epileptogenic"  for  other  reasons,  then  it  is  very 
possible  that  seizures  may  be  controlled  at  this  point.  That  is,  enchancing 
the  ability  and  cortex  to  clear  extracellular  potassium  more  rapidly  could 
be  a  "^ery   effective  anti -seizure  method. 

Proposed  Course  of  the  Project:  The  project  is  completed  and  the 
results  are  being  written  up  for  publication. 

Honors  and  Awards:  None 

Publications:  None 
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1.  Electroencephalography  and 

Clinical  Neurophysiology 
2. 
3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:  Electron  microscopic  study  of  the  cat  hippocampus 

Previous  Serial  Number:  Same 

Principal  Investigator:  M.  Dichter,  M.D.,  Ph.D.  and  J.  Mendell,  M.D. 

Other  Investigators:  None 

Cooperating  Units:  Medical  Neurology  Branch,  IR,  NINDS 

Man  Years: 


Total : 

0.20 

Professional : 

.15 

Other: 

0.05 

(MD) 
0.05 

Project  Description: 

Objectives:  Electron  microscopy  of  the  cat  hippocampus  is  being 
performed  in  an  effort  to  identify  the  locus  of  synapses  on  pyramidal  cells. 
Classical  anatomists  (Cajal,  Lorente  de  No)  have  identified  an  area  of 
pyramidal  cells  (CA4)  without  basket  cell  synapses  around  their  cell  bodies. 
Previous  neurophysiological  investigation  of  the  hippocampus  has  suggested 
that  inhibitory  synapses  occur  on  the  cell  bodies  by  way  of  axosomatic 
synapses.  This  argument  has  also  been  extended  to  other  parts  of  the  nervous 
system  and  is  being  considered  as  a  general  rule.  It  has  now  been  shown  that 
the  cells  of  the  CA4  region  of  the  hippocampus  have  recurrent  inhibition 
similar  or  identical  to  that  seen  elsewhere  in  the  hippocampus.  Electron 
microscopy  of  the  CA4  region  will  reveal  the  presence  or  absence  of  axosomatic 
synapses  in  CA4. 

Methods  employed:  Light  and  electron  microscopic  examination  of 
glutaraldehyde  fixed  brain.  Serial  micrographs  are  taken  to  reconstruct  the 
architecture  of  individual  cells. 

Major  findings:  CA4  pyramidal  cell  somata  are  devoid  of  synapses. 
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CAT  pyramidal  cell  somata  have  approximately  30%  of  their  surface  covered  by 
axosomatic  synapses. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
Understanding  synaptic  organization  of  cortex  is  important  for  understanding 
mechanism  of  maintenance  and  spread  of  seizures.  This  is  especially  true 
for  inhibitory  and  recurrent  systems. 

Proposed  Course  of  the  Project:  This  project  is  completed  and  the 
results  are  in  the  process  of  being  prepared  for  publication. 

Honors  and  Awards:  None 

Publications:  None 
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1.  Electroencephalography  and 

Clinical  Neurophysiology 
2. 
3,  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:  Synaptic  organization  of  dissociated  spinal  cord  tissue 
culture 

Previous  Serial  Number:  Same 

Principal  Investigators:  M,  Dichter,  M.D.,  Ph.D.  and  G,  Fischbach,  M.D. 

Other  Investigators:  None 

Cooperating  Units:  Behavioral  Biology  Branch,  NICHD 

Man  Years: 

Total:       0.20 
Professional:  0.15  (MD) 
Other:       0.05 

Project  Description: 

Objectives:  Dissociated  chick  embryo  spinal  cord  neurons 
differentiate  and  form  synaptic  connections  in  tissue  culture.  This 
is  a  useful  preparation  for  studying  the  physiology  and  pharmacology  of 
synapses  in  various  parts  of  the  nervous  system.  In  spinal  cord  cultures 
it  is  of  interest  to  study  the  development  of  synaptic  connections,  trans- 
mitter agents,  receptor  specializations,  and  the  specificity  of  the  connections, 

Methods  employed:  Chick  embryo  spinal  cord  is  dissociated  with  trypsin 
and  plated  in  petri  dishes.  At  suitable  points  in  development, intracellular 
recordings  are  obtained  from  neural  elements  in  the  tissue  culture.  Various 
combinations  of  plating  density,  media,  etc.  are  explored  for  optimum  culture. 

Major  findings:  Neurons  differentiate  in  dissociated  cell  culture 
both  morphologically  and  physiologically.  As  for  the  electrical  properties, 
such  as  membrane  resistance,  capacitance,  etc.,  their  values  are  comparable 
to  those  seen  in  vivo  in  older  animals.  Cells  are  capable  of  generating 
all-or-nothing  action  potentials  which  are  also  similar  to  those  seen  in 
older  animals.  Numerous  synaptic  connections  are  made  between  cells  which 
are  initially  isolated  completely  from  one  another.  These  connections  can 
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be  both  excitatory  and  inhibitory.  In  fact,  in  some  cultures  as  many  as 
90  to  100%  of  the  cells  can  be  shown  to  have  synaptic  connections  with  other 
cells  in  the  culture.  Numerous  examples  of  recurrent  synaptic  activity  are 
also  seen  and,  in  addition  to  di -synaptic  systems,  more  complicated  synaptic 
networks  are  also  evident  in  these  cultures. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
This  project  should  provide  useful  information  on  basic  neurophysiological 
phenomena,  on  spinal  cord  and  dorsal  root  ganglion  cells  of  the  vertebrate 
nervous  system  in  a  way  that  cannot  be  obtained  using  these  cells  in  vivo. 
In  addition,  much  basic  information  about  the  formation  of  synapses  between 
cells  which  are  isolated  from  one  another  can  be  obtained  from  a  detailed 
analysis  of  the  synaptic  formation  in  these  cultures.  A  third  major 
objective  of  this  work  is  to  attempt  to  understand  certain  basic  rules 
which  nerve  cells  follow  when  establishing  connections  with  populations 
of  other  neurons. 

Proposed  Course  of  the  Project:  One  paper  is  now  being  prepared  to 
describe  the  culturing  system  and  the  synaptic  interaction  therein.  This 
project  will  be  discontinued  due  to  the  departure  of  the  senior  investigator. 

Honors  and  Awards:  None 

Publications:  None 
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1.  Electroencephalography  and 

Clinical  Neurophysiology 
2. 
3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:  Physiology  and  pharmacology  of  the  frog  spinal  cord 

Previous  Serial  Number:  None 

Principal  Investigators:  J.  L.  Barker,  M.D.  and  R.  A.  Nicoll,  M.D. 

Other  Investigators:  None 

Cooperating  Units:  Division  of  Special  Mental  Health  Research 

Laboratory  of  Neuropharmacology 
St.  Elizabeth's  Hospital,  NIMH 

Man  Years: 

Total:       0.41 
Professional:  0.4  (JLB) 
Other:       0.01 

Project  Description: 

Objectives:  The  isolated  frog  spinal  cord  provides  an  ideal  prepara- 
tion for  asking  questions  regarding  the  ionic  basis  of  drug  responses  on  the 
dorsal  and  ventral  roots.  We  have  used  the  preparation  to  answer  the 
questions:  What  is  the  transmitter  mediating  presynaptic  inhibitions 
(primary  afferent  depolarization)  and  what  is  its  ionic  basis?  We  have  also 
considered  the  motoneuron  populations  as  a  whole  (ventral  root)  and  in  their 
response  to  drugs. 

Methods  employed:  The  frog  is  chilled  in  ice  to  an  anesthetic  state, 
decapitated  and  the  spinal  cord  and  roots  removed  carefully  to  an  oxygenated 
Ringer  bath,  where  the  cord  is  hemi-sected.  One  half  is  then  placed  in  a 
trough  and  ventral  and  dorsal  roots  led  out  through  vaseline-covered  slits  to 
paraffin  roots  (or  through  sucrose  and  thence  to  another  Ringer  root)  and 
the  nerves  placed  on  silver-silver  chloride  wires.  Dorsal  root  potentials 
(DRPs)  can  be  evoked  either  by  stimulation  of  an  adjacent  dorsal  root 
(DR-DRP)  or  by  stimulation  of  the  contralateral  ventral  root  (VR-DRP). 
In  addition,  stimulation  of  the  dorsal  root  causes  a  response  in  the 
contralateral  ventral  root  (DR-VRP).  For  drug  studies  on  the  dorsal  and 
ventral  roots  Mg  804  (20  mM)  was  added  to  the  Ringer  to  eliminate  synaptic 
activity  (which  was  monitored)  to  allow  better  evaluation  of  the  direct 
drug  effects. 
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Major  findings:  The  DR-DRP  and  VR-DRP  were  both  blocked  by  picro- 
toxin,  an  agent  known  to  antagonized  gamma-ami nobutyric  acid  (GABA)  responses 
elsewhere.  Strychnine  also  blocked  the  VR-DRP  but  prolonged  the  DR-DRP  and 
DR-VRP  (as  did  picrotoxin).  GABA  and  glutamate  both  depolarized  the  dorsal 
root.  GABA  hyperpolarized  the  ventral  root  while  glutamate  depolarized  it. 
All  GABA  mediated  events  were  blocked  by  picrotoxin,  but  not  by  strychnine. 

Depolarizations  on  the  dorsal  root  were  found  to  be  sodium-dependent. 
The  GABA  hyperpolarization  of  the  ventral  root  was  found  to  be  chloride 
dependent  while  the  glutamate  depolarization  was  sodium  dependent.  The 
synaptic  potentials  all  remained  in  the  absence  of  external  chloride 
except  the  VR-DRP  which  was  eliminated.  All  synaptic  potentials  were 
eliminated  by  TTX  and  sodium-free  bathing.  The  drug  responses  which  were 
sodium-dependent  remained  after  10  hours  bathing  in  TTX  showing  that  the 
ami  no-acid  coupled  depolarization  is  via  a  different  sodium  channel  than  is 
the  action  potential. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
have  shown  in  a  simple  vertebrate  system  what  the  pharmacologic  and  ionic 
basis  for  PAD  are.  It  is  clear  from  our  results  that  GABA  acts  through 
different  ionic  mechanism  to  depolarize  primary  afferent  terminals  and 
hyperpol arize  motoneurons.  One  of  the  ways  convulsants  may  be  working  is  to 
antagonize  GABA-mediated  synapses  pre-  and  post-synaptically. 

Proposed  Course  of  the  Project:  This  project  is  partially  completed. 
It  is  discontinued  due  to  the  departure  of  the  senior  investigator. 

Honors  and  Awards:  None 

Publications:  Nicoll,  R.  A.,  Barker,  J.  L.,  Salmoriaghi,  G.  C:  The  role 
of  GABA  in  primary  afferent  depolarization  (presented  4-13-72, 
Federation  Meeting). 

Barker,  J.  L.  and  Nicoll,  R.  A.:  GABA:  Role  in  primary 
afferent  depolarization.  Science,  1972  (in  press). 
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1.  Electroencephalography  and 

Clinical  Neurophysiology 
2. 
3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30, 


1972 


Project  Title:  Physiology  and  pharmacology  of  suprachiasmatic  neurons 

Previous  Serial  Number:  None 

Principal  Investigator:  J.  L.  Barker,  M.D.  and  R.  A.  Nicoll,  M.D. 

Other  Investigators:  None 

Cooperating  Units:  Division  of  Special  Mental  Health  Research 

Laboratory  of  Neuropharmacology 
St.  Elizabeth's  Hospital,  NIMH 

Man  Years: 


Total:  0.06 

Professional:  0.05 

Other:  0.01 

Project  Description: 


(JB) 


Objectives  and  Methods  employed:  The  physiology  and  pharmacology 
of  the  brainstem  raphe  nuclei  which  project  to  the  suprachismatic  nucleus 
of  the  hypothalamus  were  investigated  using  an  extended  ventral  approach 
in  cats. 


Major  findings:  Stimulation  of  the  raphe  nuclei  produced  inhibition 
of  spontaneous  or  DCH-induced  activity  in  suprachiasmatic  neurons,  but  not 
in  other  neurons  located  immediately  adjacent  in  the  hypothalam  s 
and  norepinephrine  were  iontophoresed  into  these  neurons  and  both 
produced  inhibitions  in  all  cells  examined.  LSD,  when  given  i.v. 
microiontophoresis,  did  not  affect  either  the  raphe-induced  or  5 
inhibitions  of  suprachiasmatic  neurons. 


Serotonin 
substances 
or  by 
HT-induced 


We  had 


Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
hoped  to  use  this  raphe-suprachiasmatic  system  as  a  model  serot  ninergii 


pathway  upon  which  more  physiology  and  pharmacology  could  be  investigated 
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Proposed  Course  of  the  Project:  Because  of  the  technical  demands 
attending  the  surgery,  it  was  decided  not  to  continue  on  this  project. 

Honors  and  Awards:  None 

Publications:  Bloom,  F.  E.,  Hojjer,  B.  J.,  Siggins,  G.  R.,  Barker,  J.  L. 
and  Nicoll,  R.  A.:  Effects  of  serotonin  on  central  neurons: 
microiontophoretic  administration.  Fed.  Proc.  31:  97-106,  1972. 


34  h 


Serial  No.  NDS(I)-  72  EEG/CN  1938(c) 
1.  Electroencephalography  and 

Clinical  Neurophysiology 
2. 
3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project:  Spike  generating  mechanism  in  dissociated  chick  dorsal  root 
ganglion  cells 

Previous  Serial  Number:  None 

Principal  Investigator:  M,  Dichter,  M.D.,  Ph.D.  and  G.  Fischbach,  M.D. 

Other  Investigators:  None 

Cooperating  Units:  Behavioral  Biology  Branch,  NICHD 

Man  Years: 

Total:       O.n 
Professional:  0.10  (MD) 
Other:       0.01 

Project  Description: 

Objectives:  Dissociated  chick  dorsal  root  ganglion  cells  were  studied 
by  themselves  in  an  attempt  to  define  certain  morphological  and  electrophysio- 
logical characteristics  of  these  cells,  which  would  allow  us  to  identify 
them  in  mixed  cultures  of  dorsal  root  ganglion  and  spinal  cord. 

Methods  employed:  Chick  embryo  dorsal  root  ganglion  was  dissociated 
with  trypsin  and  placed  in  petri  dishes.  At  suitable  points  in  the 
development  intra-  and  extracellular  recordings  were  obtained  from  the  dorsal 
root  ganglion  cells. 

Major  findings:  The  action  potential  mechanism  in  the  dorsal  root 
ganglion  cell  body  is  composed  of  a  sodium  and  a  calcium  mechanism.  The 
action  potential  mechanism  in  the  dorsal  root  ganglion  "axon"  appears  to  be 
exclusively  a  sodium  mechanism.  The  shape  of  the  action  potential  and  the 
repetitive  firing  characteristics  of  dorsal  root  ganglion  cells  appear  to  be 
different  than  the  normal  spinal  cord  cell.  Some  evidence  for  synaptic 
connections  between  dorsal  root  ganglion  cells  has  been  obtained. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
The  identification  of  a  special  spike  generating  mechanism  in  the  cell 
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bodies  of  dorsal  root  ganglion  cells  is  a  \/ery   useful  tool,  separating 
these  cells  from  other  spinal  cord  or  brain  cells  in  mixed  cultures.  This 
will  provide  us  with  a  more  powerful  technique  for  studying  the  specificity 
of  connections  between  one  type  of  cell  and  another  in  tissue  culture. 
In  addition,  the  unique  or  almost  unique  character  of  a  dorsal  root 
ganglion  cell  spike  has  implications  in  such  areas  as  anesthesia  and 
analgesia  and  perhaps  in  relation  of  viral  infections  to  specific  areas  of 
the  nervous  system. 

Proposed  Course  of  the  Project:  Some  of  the  results  are  currently 
written  up  for  publication.  The  project  will  be  discontinued  due  to  the 
departure  of  the  senior  investigator. 

Honors  and  Awards:  None 

Publications:  None 
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1.  Electroencephalography  and 

Clinical  Neurophysiology 
2. 
3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:  Fluorometric  monitoring  of  intracellular  redox  changes 
in  the  intact  cat  brain 

Previous  Serial  Number:  None 

Principal  Investigator:  M.  J.  O'Connor,  M.D, 

Other  Investigators:  C.  J.  Herman,  M.D.  Ph.D.,  and  D.  V.  Lewis,  M.D. 

Cooperating  Units:  None 

Man  Years: 

Total:  0.96 
Professional:  0.70 
Other:       0.26 

Project  Description: 

Objectives:  To  study  energy  metabolism  in  the  normal  and  penicillin 
treated  cat  hippocampus  and  the  effect  of  K  CI  and  electrical  stimulation 
on  this  metabolic  activity. 

Methods  employed:  Intracellular  redox  changes  as  indicated  by 
changes  in  the  ratio  of  oxidized  to  reduced  nicotine  adenine  di nucleotide 
(NAD)  are  monitored  fluorometrically  in  vivo  in  the  superficial  1  mm  of  the 
exposed  hippocampus.  Electrical  activity  in  this  same  area  is  monitored 
with  surface  electrodes.  The  hippocampus  is  continuously  bathed  in 
Elliot's  B  solution  which  is  dripped  onto  the  surface.  Penicillin  and/or 
K  CI  are  added  to  this  solution  and  their  effects  on  electrical  and 
metabolic  activity  are  recorded.  The  effect  and  interaction  of  electrical 
stimulation  of  the  same  region  are  also  studied. 

Major  findings:  NADH  was  found  to  decrease  prior  to  the  onset  of 
epileptiform  activity  in  the  epileptogenic  focus  induced  with  low  concen- 
trations of  sodium  penicillin.  There  was  a  further  decrease  in  NADH 
associated  with  the  onset  of  epileptiform  activity.  This  decreased  NADH 
level  seemed  to  be  due  to  increased  oxidative  metabolism  as  was  indicated 
by  the  characteristics  of  the  transient  changes  in  NADH  level  induced  by 
short  periods  of  anoxia.  A  maximum  rate  of  metabolism  appeared  to 
be  reached  by  a  well  established  focus,  and  application  of  high  concentrations 
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of  K  CI  and/or  electrical  stimulation  had  little  effect.  The  electrical 
and  metabolic  changes  induced  by  penicillin  were  reversed  when  it  was 
washed  out. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
The  mechanism  of  the  epileptogenic  action  of  penicillin  is  not  known.  This 
study  suggests  that  the  primary  lesion  may  be  metabolic,  and  it  may  indicate 
directions  of  possible  research  in  human  epilepsy. 

Proposed  Course  of  the  Project:  Continued  investigation  in  the  same 
area  with  emphasis  shifted  more  to  the  interaction  of  the  agents  used 
(i.e.,  penicillin,  K  CI  and  electrical  stimulation). 

Honors  and  Awards.  None 

Publications:  Jobsis,  F.  F.,  O'Connor,  M.  J.,  Rosenthal,  M.  and 

Herman,  C:  Intracellular  redox  changes  preceding  onset  of 
epileptiform  activity  in  the  intact  cat  hippocampus. 
J.  Neurophysiol . ,  1972  (in  press). 
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1.  Electroencephalography  and 

Clinical  Neurophysiology 
2. 
3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Fluorometric  monitoring  of  intracellular  redox  changes  in  human 
cerebral  cortex 


Previous  Serial  Number:  None 

Principal  Investigator:  M.  J.  O'Connor,  M.D. 

Other  Investigators:  J.  B.  Van  Buren,  M.D.,  Ph.D.,  W.  Shutte, 

D.  V.  Lewis,  M.D.,  M.  Rosenthal,  Ph.D.  and 
F.  F.  Jobsis,  Ph.D. 

Cooperating  Units:  Surgical  Neurology  Branch,  IR,  NINDS;  Engineering  Dept.  of 

Physiology  and  Pharmacology,  Duke  University;  Instrument 
Fabrication  Section,  BEI,  R 

Man  Years: 

Total:        0.46 
Professional:   0.4  (MO'C,  DVL) 
Other:        0.06 

Project  Description 

Objectives:  Evaluate  the  feasibility  of  monitoring  intracellular  redox 
changes  as  indicated  by  changes  in  intramitochondrial  NADH  and,  if  feasible, 
develop  an  instrument  which  would  be  both  safe  and  convenient  to  use  in  the 
neurosurgical  operating  room.  When  such  an  instrument  is  functioning  properly, 
study  the  energy  metabolism  in  the  human  cerebral  cortex  and  how  it  is 
affected  by  pathologic  conditions  such  as  epilepsy  or  tumors. 

Methods  employed:  Use  currently  available  fluorometer  to  evaluate  the 
feasibility  of  such  a  study  then  modify  the  design  of  such  instruments  so  that 
the  technique  may  be  used  more  readily  in  the  clinical  environment.  Energy 
metabolism  is  then  evaluated  primarily  through  analysis  of  transients  spontaneously 
occurring  (interictal  or  ictal  epileptiform  events)  or  induced  (primarily  with 
electrical  stimulation).  Steady  state  levels  of  NADH,  if  feasible,  will  also 
be  studied. 

Major  findings:  Transients  induced  with  cortical  stimulation  can  be 
analyzed  in  humans.  A  fluorometer  for  use  in  the  operating  room  has  been 
developed  and  it  has  been  shown  to  work  well  in  animals  and  to  be  safe  and  relatively 
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easy  to  use  in  the  operating  room.  Several  experiments  in  the  operating 
room  have  been  performed  however  no  conclusions  can  be  drawn  from  the 
data  gathered  thus  far. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
It  is  hoped  that  through  non-destructive  monitoring  of  metabolic  changes  in 
the  human  cortex,  some  insight  into  the  primary  cause  of  the  various  types 
of  epilepsy  mignt  be  gained. 

Proposed  course  of  the  project.  Continued  study  of  energy  metabolism 
in  the^ffuman  cortex  and  the  ways  in  which  it  is  affected  by  pathologic 
conditions. 

Honors  and  Awards:  None 

Publications:  Jobsis,  F.  F.,  O'Connor,  M.  J.,  Rosenthal,  M.  and  Van  Buren,  J.  M. 
Fluorometric  monitoring  of  metabolic  activity  in  the  intact 
cerebral  cortex.  In  Sornjen,  G.  (Ed.):  Neurophysiology  in  Man. 
Amsterdam,  Elsevier,  1972  (in  press). 
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1.  Electroencephalography  and 

Clinical  Neurophysiology 
2. 
3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  Electrocorticography  and  preoperative  and  postoperative  data 
in  epileptic  patients 

Previous  Serial  Number:  None 

Principal  Investigator:  C.  Ajmone  Marsan,  M.D.  and  M.  J.  O'Connor,  M.D. 

Other  Investigators:    J.  B.  Van  Buren,  M.D.,  Ph.  D. 

Cooperating  Units:  Surgical  Neurology  Branch,  IR,  NINDS 

Man  Years: 

Total:  0.75 

Professional:     0.50  (MO'C,  CAM) 
Other  0.25 

Project  Description: 

Objectives:  To  analyze  and  correlate  the  characteristic  features  of 
preoperative  EEGs  and  clinical  state,  ECoG  data,  and  extent  of  surgical  proce- 
dure with  postoperative  EEGs  and  clinical  state. 

Major  findings:  Thus  far,  an  insufficient  number  of  patients  with 
an  adequate  follow-up  period  have  been  reviewed  to  draw  definite  conclusions. 
However,  in  comparing  the  clinical  results  in  this  group  of  patients  with 
an  apparently  similar  group  studied  by  this  Branch  previously,  it  appears  that 
a  deeper  resection  gives  much  better  surgical  results.  The  data  relating  to 
the  general  aspects  of  ECoG,  including  technique,  interpretation,  indications 
and  limitations  have  been  analyzed  and  discussed.  The  results  are  currently 
collected  in  written  form  and  will  be  published  in  a  special  chapter  of  Handbook 
of  Clinical  Neurophysiology. 

Significance  of  Bio-medical  Research  and  Programs  of  the  Institute: 
This  project  should  provide  useful  information  of  diagnostic  and  therapeutic 
significance  for  the  surgical  treatment  of  epilepsy. 

Proposed  Course  of  the  Project:  The  collection  of  cases  and  their  analysis 
will  continue  in  the  next  fiscal  year. 

Honors  and  Awards:  None 
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PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  Focal  electrical  stimulation 

Previous  Serial  Number:  None 

Principal  Investigator:  C.  Ajmone  Marsan,  M.D. 

Other  Investigators:  None 

Cooperating  Units:  None 

Man  Years: 


Total : 

0.30 

Professional : 

0.15 

Other: 

0.15 

Project  Description: 

Objectives  and  Methods  Employed:  This  work  is  part  of  a  jDroject 
sponsored  by  NINDS  and  dealing  with  the  technique,  development  and  utilization 
of  experimental  models  in  the  investigation  of  epilepsy.  Specifically  it  deals 
with  the  technique,  properties  and  application  of  the  "after-discharge"  method. 

Major  findings:  The  following  points  have  been  analyzed  and  discussed: 
a)  specific  indications  for  the  use  of  local  repetitive  electrical  stimulation 
in  the  study  of  experimental  epilepsy,  b)  technique,  c)  parameters  of  stimulation, 
d)  morphology  and  physiological  mechanisms  at  the  basis  of  the  self-induced 
activity  (after-discharge),  e)  threshold  for  its  el i citation,  f)  regional 
CNS  factors,  g)  application  of  the  model  to  human  epilepsy. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
The  descriptions  of  methods  and  procedures  pertinent  to  this  and  other  particular 
models  of  experimental  epilepsy  are  frequently  inadequate  or  are  scattered 
and  "hidden"  in  various  publications.   For  this  reason  the  Basic  Research 
Task  Force  of  the  PHS  Advisory  Committee  on  the  Epilepsies  has  undertaken  the 
preparation  and  publication  of  a  volume  entitled  'Experimental  Models  of 
Epilepsy:  A  practical  manual  for  the  laboratory  worker. 

Proposed  Course  of  the  Project:  This  project  is  completed,  a  paper  has 

been  prepared  which  will  form  a  chapter  to  be  included  in  the  above  monograph. 
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Honors  and  Awards:  None 

Publications:  Ajmone  Marsan,  C:  Focal  electrical  stimulation. 

In  Experimental  Models  in  Epilepsy,  1972  (in  press). 
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ANNUAL  REPORT 
July  1,  1971  through  June  30,  1972 
Laboratory  of  Neuropathology  and  Neuroanatomical  Sciences,  IR 
National  Institute  of  Neurological  Diseases  and  Stroke 


Igor  Klatzo,  Chief 


Introduction 

During  the  past  year,  the  Laboratory's  newly  established  sections  have 
been  consolidated  to  provide  better  facilities  for  efficient  collaborative 
research.   This  has  not  been  entirely  successful  and  construction  delays  have 
prevented  initiation  of  tissue  culture,  a  technique  that  will  be  exploited  by 
several  sections  of  the  Laboratory.   Otherwise,  there  has  been  further 
progress  in  integrating  individual  projects  into  broader  interdisciplinary 
programs  concerned  with  the  permeability,  metabolism,  excitability,  differen- 
tiation, regeneration,  and  trophic  function  of  normal  and  experimentally 
altered  nervous  tissue.   The  elucidation  of  the  basic  reactions  of  the  nervous 
system  to  injury  and  disease  continues  to  be  the  primary  objective  of  the 
Laboratory's  research. 

To  evaluate  human  neuropathological  alterations  and  those  induced  by 
experimentation  in  animals,  it  is  necessary  to  have  a  clear  concept  of 
specificity  of  tissue  changes.   To  this  end  characteristics  of  nonspecific  or 
artifactltious  changes,  affecting  primarily  neurons,  have  been  studied  in 
detail  for  a  number  of  years  in  this  Laboratory.   The  results  of  these  investi- 
gations and  a  review  of  the  subject  have  been  included  in  a  chapter  currently 
in  press. 

A  model  for  studies  on  peripheral  nerve  and  muscle  fibers  has  been 
developed  using  direct  observations  in  living  tadpoles  with  the  differential 
interference  microscope.   This  approach  constitutes  the  only  preparation  in 
which  living  neuromuscular  tissue  can  be  observed  in  its  natural  environment 
during  development  and  maintenance.   It  has  a  number  of  advantages  over  the 
tissue  culture  method  where  cellular  transformations  associated  with 
explantation  and  adjustment  to  artificial  media  may  be  difficult  to  interpret. 
The  excellence  of  the  Nomarski  optical  system  permitted  the  study  of  dynamic 
changes  at  growing  nerve  tips,  myelin  internodes ,  nodes  of  Ranvier ,  and  in 
axonal  mitochondria.   Muscle  fibers  and  their  innervation  were  studied  also. 
These  observations  on  living  fibers  were  further  extended  by  subjecting  the 
sites  observed  in   vivo  to  fixation  and  study  by  electron  microscopy.   It  can 
be  expected  that  this  model  will  also  prove  to  be  of  considerable  value  in 
the  study  of  pathological  reactions  and  especially  in  obtaining  information 
on  the  mechanisms  of  injury  and  regeneration  in  peripheral  nerve  and  muscle. 
Currently,  the  observations  on  living  tadpole  tails  are  being  conducted  to 
study  the  effects  of  agents  that  selectively  damage  axons  and  myelin.   Col- 
chicine and  hexachlorophene  are  among  those  being  tested. 

In  another  approach  developmental  aspects  of  peripheral  nerves  were 
studied  in  newborn  rats  by  three  dimensional  reconstructions  based  on  photo- 
graphic montages  of  serial  electron  microscopic  sections.   Relationships 
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within  Schwann  cells,  as  bundles  of  axons  are  subdivided  and  those  destined 
to  be  myelinated  are  segregated  and  subsequently  provided  with  a  Schwann  cell 
that  will  form  one  of  its  myelin  internodes ,  were  clearly  defined.   These 
three  dimensional  and  quantitative  observations  provide  the  data  on  normal 
myelination  required  for  a  more  sophisticated  electron  microscopic  analysis 
of  abnormal  myelin  development  than  has  been  done  to  date.   They  will  be  used 
to  characterize  morphologically  the  abnorm.al  myelin  development  that  occurs 
in  hypothyroidism  and  other  experimental  models  that  have  been  studied  bio- 
chemically. 

In  the  central  nervous  system  abnormal  myelin  formation  was  studied 
in  a  model  of  transplacentally  methylazoxymethanol  (MAM)  induced  micro- 
encephaly  in  rats.   A  diminished  amount  of  cerebral  phospholipids  and  lipids 
was  correlated  with  deficient  myelin  formation  in  different  stages  of  develop- 
ment.  Further  investigations  should  provide  a  basis  for  comparative  studies 
on  abnormal  myelin  formation  observed  in  malnutrition  and  other  conditions  of 
myelin  disorder. 

In  our  long-term  program  concerning  studies  on  trophic  functions  of  the 
peripheral  nervous  system,  the  attention  was  focused  on  elucidation  of  roles 
of  neurogenic  and  myogenic  factors  in  regulation  of  muscle  metabolism.   These 
investigations  brought  out  the  necessity  for  critical  re-evaluation  of  various 
established  concepts,  especially  those  related  to  mechanisms  of  acetylcholine 
release  and  ATPase  activity.   Otherwise,  a  more  precise  characterization  of 
the  qualitative  as  well  as  quantitative  differences  in  the  enzyme  histo- 
chemical  profiles  of  muscle  units  of  functionally  disparate  muscles  in  the 
same  animal  was  carried  out  in  order  to  achieve  a  base  for  distinguishing 
changes  from  the  normal  induced  by  an  experimental  or  disease  process.   In 
conjunction  with  an  appreciation  of  the  factors  commonly  responsible  for 
directing  the  metabolism  of  muscle  units  (i.e.  innervation,  functional 
environment,  hormones  and  myogenic  factors)  such  an  extended  characterization 
of  muscles  may  help  in  the  more  precise  definition  of  those  factors  (neuro- 
genic, myogenic,  etc.)  that  contribute  to  the  alterations  inherent  in  neuro- 
muscular disorders.   Previous  studies  on  neurolmmunological  aspects  of  trophic 
nerve  function  showed  that  some  neurons  in  homografts  of  peripheral  ganglia 
survived  transplantation.   A  cellular  reaction  was  present  in  these  ganglia 
but  more  evidence  was  needed  to  demonstrate  that  this  was  an  immunological 
response.   Consequently,  autografts,  homografts  .and  heterografts  of  sensory 
and  sympathetic  ganglia  were  made  so  that  the  cellular  reaction  induced  by 
these  grafts  could  be  characterized.   The  results  showed  that  neurons  in 
homografts  can  survive  transplantation  even  when  they  are  involved  in  an 
immune  response.   Neuronal  survival  in  homografts  is  dependent,  however,  on 
the  graft  being  histocompatible.   The  prospective  significance  of  these 
studies  is  that  neurons  in  homografts  i.e.  transplanted  from  one  individual 
to  another  might  be  used  clinically  in  patients  in  which  disease  resulted  in 
neuron  death. 

.  Another  long-ranged  program  of  our  Laboratory  concerns  the  studies  on 
cerebrovascular  permeability  and  various  cellular  barriers  within  the  central 
nervous  system.   Cerebrovascular  permeability  ±s   closely  related  to  the 
blood-brain  barrier  (BBB)  and  the  basic  aspects  of  this  phenomenon  were 
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investigated  using  hypertonic  solutions  applied  either  directly  to  pial 
vessels  or  by  intracarotid  perfusion  of  one  hemisphere.   Application  of 
electrolytes  or  nonelectrolytes  which  have  little  or  no  lipid  solubility 
revealed  a  direct,  reversible  osmotic  effect  on  the  permeability  of  the  BBB. 
In  such  instances  the  electron  microscopic  observations  showed  clearly  a 
passage  of  peroxidase  tracer  between  adjacent  endothelial  cells.   This  is  the 
first  unequivocal  demonstration  of  reversible  tight  junctions  opening  to  allow 
the  escape  of  proteins  from  the  lumen.   This  phenomenon  may  play  a  considerable 
role  in  various  human  pathological  conditions  associated  with  increased 
cerebrovascular  permeability. 

Observations  on  sequelae  of  the  osmotic  breakdown  of  BBB  revealed  some 
interesting  metabolic  disturbances.   Application  of  the  double  isotope  technic 
of  Oldendorf  by  injecting  a  mixture  of  3h20  and  l^C  2-deoxy-D-glucose  with 
and  without  cold  2-deoxy-D-glucose  ten  minutes  after  osmotic  BBB  damage 
revealed  a  strong  competitive  inhibition  of  glucose  uptake  suggesting  that  a 
hyperosmotic  insult  produces  an  increase  in  facilitated  glucose  transport 
rather  than  passive  diffusion  of  glucose  from  blood  to  brain.   Observations 
concerning  the  fate  of  extravasated  proteins  indicated  an  important  role  of 
pericytes  in  digesting  proteins  in  lysozomal  structures  and  presumably 
releasing  the  waste  products  into  the  circulation. 

In  studies  on  the  effect  of  biogenic  amines  on  permeability  of  cerebral 
vessels  to  proteins,  an  important  finding  was  demonstrated  with  regard  to 
serotonin.   Since  serotonin  does  not  pass  an  intact  BBB,  it  was  administered 
via  intraventricular  perfusion.   In  areas  where  it  penetrated  into  the  brain 
parenchyma,  the  blood  vessels  of  larger  than  capillary  caliber  showed  an 
increased  permeability  to  peroxidase  which  was  injected  systemically .   The 
effect  of  other  biogenic  amines  as  well  as  their  possible  release  in  various 
pathological  conditions  is  being  investigated  currently. 

Investigations  on  permeability  of  various  cellular  layers  in  the  verte- 
brate nervous  system  demonstrated  that  peroxidase  injected  into  the  cerebro- 
spinal fluid  of  subarachnoid  space  in  the  mouse  is  able  to  pass  between  cells 
of  the  pia-arachnoid  layer,  cross  the  basement  lamina  of  the  brain,  and  pass 
between  the  astrocytic  processes  forming  the  limiting  surface  of  the  brain  to 
reach  the  generally  open  interstitial  spaces  in  the  brain.   However, 
peroxidase  does  not  cross  from  ventricular  cerebrospinal  fluid  into  the  median 
eminence  and  area  postrema.   The  basis  of  this  selective  barrier  is  a  system 
of  tight  junctions  within  the  specialized  ependymal  cells  lining  the  ventric- 
ular surface  over  these  regions.   A  specialized  layer  of  cells  joined  by 
tight  junctions  at  the  border  of  the  arachnoid  also  prevents  peroxidase  from 
reaching  the  subdural  space.   Studies  especially  important  for  understanding 
basic  cerebrospinal  fluid  dynamics  are  now  in  progress  that  are  concerned  with 
the  permeability  relationship  at  the  arachnoid  villae. 

A  project  on  vascular  permeability  relationships  in  brain  tumors  was 
continued  providing  new  demonstrations  of  fenestrations  and  patent  junctions 
in  the  pndothelial  lining.   The  importance  of  these  studies  is  related  to 
possible  therapeutic  and  diagnostic  considerations  in  the  clinical  management 
of  brain  tumors. 


A  study  of  special  significance  for  the  interpretation  of  basic  aspects 
of  intercellular  transport  phenomena  was  undertaken  with  regard  to  gap 
junctions  which  occur  between  various  cellular  elements  of  brain  parenchyma. 
When  two  peroxidases  (MW  1200  and  MW  42000)  were  injected  directly  into  a 
crayfish  giant  axon  both  before  and  after  fixation,  it  was  found  that  the  gap 
junctions  were  impermeable  to  both  tracers  prior  to  fixation  but  permeable 
after  fixation.   Thus,  the  size  of  the  cell-to-cell  bridges  associated  with 
these  gap  junctions  appears  to  be  considerably  smaller  in  life  than  was 
expected. 

Studies  on  structural  basis  of  synaptic  transmission  were  directed  to 
determine  the  structural  changes  which  accompany  physiological  changes  at 
nerve-muscle  synapses  and  to  evaluate  the  structural  features  of  membranes 
characteristic  of  areas  with  pharmacological  receptors.   Frog  sartorius 
nerve-muscle  preparations  were  exposed  to  altered  ionic  environments  or  to 
stimuli  varying  in  frequency,  amplitude  or  duration.   Their  responses  were 
monitored  by  standard  electrophysiological  means  until  they  reached  a  desired 
functional  state.   Then  they  were  immediately  fixed  and  prepared  for  examina- 
tion with  the  electron  microscope.   Similar  experiments  were  performed  in 
solutions  containing  peroxidase  as  the  tracer.   These  studies  revealed  that 
the  tracer  progressively  fills  various  membrane  forms  inside  the  synapse,  thus 
tracing  directly  the  recycling  of  membrane  from  coated  vesicles  to  synaptic 
vesicles  and  back  to  surface  membrane  concomitant  with  transmitter  release. 
This  work  contributes  to  an  understanding  of  the  role  of  membranes  in  the 
storage  and  release  of  transmitter  at  synapses  and  shows  that  the  mechanism 
for  release  of  neurotransmitters  is  similar  to  that  employed  for  release  of 
glandular  secretions.   Also  this  work  helps  to  broaden  the  general  anatomical 
criteria  for  identifying  synapses,  thereby  aiding  future  attempts  to  define 
the  existence  and  location  of  functional  contacts,  and  most  important, 
permitting  attempts  to  define  their  physiological  state. 

The  biochemical  studies  on  various  aspects  of  brain  glycogen  metabolism. 
were  pursued  further  in  view  of  the  important  role  of  its  basic  component 
-glucose-as  the  nutrient  of  the  brain  and  since  abnormal  behaviour  of  glycogen 
must  reflect  disturbances  in  glucose  metabolism.   The  rate  of  brain  glycogen 
deposition  and  turnover,  as  well  as  the  role  of  glycogen  synthetase,  were 
studied  in  normal  and  experimental  conditions.   The  other  biochemical  investi- 
gations were  concerned  with  the  role  of  adenosine-3' ,5'  cyclic  monophosphate 
(AMP)  and  guanosine-3' ,5'  cyclic  monophosphate  (GMP)  in  the  nervous  system. 
An  attempt  has  been  made  to  determine  if  the  alteration  of  brain  metabolism 
and  physiology  in  vivo  by  experimental  methods  would  affect  the  steady  state 
levels  of  cyclic  AMP  and/or  cyclic  GMP.   Studying  their  behaviour  in  electro- 
convulsive shocks,  it  was  found  that  major  cyclic  AMP  changes  occur  during  the 
excitable  states  whereas  those  of  cyclic  GMP  during  the  depressive  stage. 

When  mice  were  pretreated  with  a  methyl-p-tyrosine,  an  inhibitor  of 
tyrosine  hydroxylase  which  depletes  catecholamines,  the  cyclic  AMP  accumula- 
tion due  to  electroshocks  was  reduced  but  the  overt  convulsive  behaviour  was 
not  affected.   On  the  other  hand,  oxotremorine,  which  is  presumed  to  act  on 
cholinergic  mechanisms  also  inhibited  the  electroshock  -  dependent  rise  of 
cyclic  AMP  and  it  obliterated  the  tonic  phase  o;;  the  convulsion.   The  temporal 
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disparity  in  the  changes  of  cyclic  nucleotides  suggested  that  cyclic  AMP  and 
cyclic  GMP  may  be  independently  regulated  in  vivo.   These  observations  are 
consistent  with  the  concept  that  the  two  cyclic  nucleotides  may  serve  different 
and  perhaps  opposing  functions  in  the  central  nervous  system.   Preliminary 
evidence  also  favors  an  association  between  cyclic  AMP  and  the  adrenergic 
system,  and  between  cyclic  GMP  and  the  cholinergic  system. 
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1.  Neuropathology  &  Neuroanatomical 
Sciences 

2.  Section  on  Cellular  Neurochamistry 

3.  Bethesda^  Maryland 
PHS-NIH 

Individual  Project  Report 
July  1^  1971  through  June  30^  1972 

Project  Title:   Allosteric  control  of  fructose-1^ 6-diphosphatase 

Previous  Serial  Number:      SAME 

Principal  Investigator:      Janet  V.  Passonneau,  Ph.  D. 

Other  Investigators:         None 

Cooperating  Units:  None 

Man  Years 

Total:  0 

Professional:      0 
Other:  0 

Project  Description: 

Objectives:   To  investigate  the  allosteric  properties  of  fructose-1^ 6- 
diphosphatase  in  red  and  white  muscle  and  brain. 

Methods  Employed:   Crude  muscle  or  brain  homogenates  are  analyzed  for 
fructose-l, 6-diphosphatase  activity  by  a  rapid  fluorometric  procedure^  em- 
ploying auxiliary  enzjmies  coupled  to  a  pyridine  nucleotide  system. 

Major  Findings:   The  low  activity  of  muscle  fructose-1, 6-diphosphatase 
can  be  modified  by  allosteric  control.   As  found  with  the  liver  enzyme  adeno- 
sine monophosphate  is  a  potent  inhibitor.   In  addition  high  substrate  inhibits 
the  activity  at  physiological  pH.   This  inhibition  can  be  overcome  by  the 
addition  of  allosteric  effectors^  which  are  present  in  the  tissues. 

Significance:   The  relief  of  inhibition  of  fructose-1, 6-diphosphatase 
activity  by  compounds  which  accumulate  in  fatigued  muscle  or  hypoxic  brain 
permits  the  gluconeogenic  mechanism  to  operate  and  thus  conserve  metabolic 

resarv/as. 

Proposed  Course  of  Project:   Held  in  abeyance  at  the  present  time  for 
lack  of  technical  help. 

Honors  and  Awards:       None 

Publications:  None 


7i 


•   Serial  No.  ND3(I)-71  LNNS/CNC  1884 

1.  Neuropathology  &  Neuroanatomical 
Sciences 

2.  Section  on  Cellular  Neurochemistry 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July   I,    1971  through  June   30,    1972 

Project  Title:    Brain  glycogen  synthetase 

Previous  Serial  Number:      SAME 

Principal  Investigator:      Janet  V.  Passonneau,  Ph.  D. 

Other  Investigators:         David  Rottenberg,  M.D. 

Cooperating  Units:  None 

Man  Years 

Total:  1.85 
Professional:  1.25 
Other:        0.60 

Project  Description: 

Objectives;  To  determine  the  role  of  glycogen  synthetase  in  glycogen  for- 
mation in  brain  in  normal  and  experimental  states. 

Methods  Employed:  Two  assay  methods  have  been  developed  to  measure  glyco- 
gen synthetase.   Because  the  activity  is  so  low  in  brain,  very  sensitive  anal- 
ytical procedures  are  required.   The  first  procedure  is  a  modification  of  a 
published  method.  The  substrate,  uridine  diphosphoglucose,  is  treated  to 
remove  contaminating  uridine  diphosphate.   The  brain  is  incubated  with  uridine 
diphosphoglucose  for  the  appropriate  time  and  one  of  the  products,  uridine 
diphosphate,  is  measured  by  an  enzymatic  assay  system  coupled  to  reduced  di- 
phosphopyridine  nucleotide.   The  second  procedure  is  based  on  the  measurement 
of  •'■^C-labelled  glycogen  formed  when  the  enzyme  is  incubated  with  ^^C-uridine 
diphosphoglucose.   The  latter  method  has  been  adapted  from  a  published  technique 
and  modified  to  increase  reproducibilit:/  and  sensitivity, 

A  third  method  has  been  developed  which  permits  a  rapid  direct  one-step 
analysis  of  glycogen  synthetase.   Column  chromatography  and  rapid  concentration 
techniques  have  been  used  to  purify  the  enzyme  from  brain. 

Major  Findings:   Glycogen  synthetase  has  been  purified  2-fold  from  pig 
brain.  The  kinetics  of  the  I  form  (independent  of  glucose-6-P)  have  been 
thoroughly  studied.  While  glucose-6-P  is  not  necessary  for  activity,  it  has 
a  marked  effect  on  the  affinity  constant  for  the  substrate  uridine  diphospho- 
glucose. Preincubation  with  glycogen  is  required  to  ensure  maximal  activity 
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of  the  purified  enzjmie,  while  crude  tissue  homogenates  are  independent  of 
added  glycogen.   Glycogen  is  bound  to  the  enzyme  in  vivo  and  remains  bound 
until  removed  in  the  purification  procedure.   The  effects  of  temperature  in 
glycogen  binding,  substrate  affinity  constant,  and  glucose-6-P  requirements 
have  been  studied. 

Significance;   Glycogen  synthetase  activity  in  liver,  muscle  and  brain 
exists  in  two  forms.   The  enzyme  from  liver  and  muscle  has  been  extensively 
studied  and  is  modified  by  various  hormonal  states.   The  brain  enzjmie  has  not 
been  studied  in  detail.   Since  glycogen  deposition  in  the  brain  occurs  under 
various  conditions  imposed  on  the  experimental  animal,  it  will  be  of  interest 
to  determine  the  concomitant  state  of  the  enzjrme. 

Proposed  Course  of  Project:   The  D  form  of  the  enzyme  (dependent  on  glucose- 
-6-P  for  activity)  will  be  purified  and  its  kinetic  characteristics  compared 
with  that  of  the  I  form.   The  ratio  of  these  two  forms  in  various  physiologi- 
cal states  will  be  examined. 

Honors  and  Awards:     None 

Publications:         None 
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Serial  No.  NDS(I)-71  LNNS/CNC  1835 

1.  Neuropathology  &  Neuroanatomical 
Sciences 

2.  Section  on  Cellular  NeurocLiemistry 

3.  Bethesda^  Maryland 
PHS-NIH 

Individual  Project  Report 
July  I,    1971  through  June  30_,  1972 

Project  Title:   The  kinetics  of  brain  glycogen 

Previous  Serial  Number:     SAME 

Principal  Investigator:     Janet  V.  Passonneau,  Ph.  D. 

Other  Investigators:        Hiroshi  Watanabe^  M.  D. 

Cooperating  Units :         None 

Man  Years 

Total:  1.5 

Professional:     1.5 
Other:  0 

Project  Description: 

Objectives:   To  determine  the  rate  of  glycogen  deposition  and  turnover  in 
brain  under  normal  and  experimental  conditions.   To  differentiate  between  the 
turnover  of  the  outer  tiers  and  limit  dextrin  of  brain  glycogen. 

Methods  Employed:   Brain  glycogen  will  be  measured  employing  enzymatic  de- 
gradation techniques.   Total  glycogen  will  be  analyzed  using  phosphorylase  Oj 
amylo-1^ 6-glucosidase^  oligo-lj4  --  1^4,  glucan  transferase^  phosphoglucomutase^ 
and  glucose-6-phosphate  dehydrogenase.   The  outer  tiers  will  be  measured  using 
6  times  recrystallized  phosphorylase  a  free  of  debranching  complex.   The  turn- 
over of  glycogen  will  be  measured  by  injecting  mice  with  UL  ^"^C-glucose  and 
counting  the  labelled  glycogen  isolated  by  a  KOH-ethanol  extraction  procedure. 
The  differential  turnover  of  the  outer  tiers  and  limit  dextrin  will  be  deter- 
mined by  determining  the  specific  activity  of  one  portion  of  the  isolated 
glycogen  sample  without  further  treatment  (=total  glycogen)^  and  the  specific 
activity  of  the  sample  after  treatment  with  crystalline  phosphorylase  (=limit 
dextrin). 

Major  Findings:     C-glucose  (10  uc/20g)  was  administered  intravenously  to 
NIH  strain  mice  of  20-25  g.   Peak  incorporation  into  glycogen  was  seen  at  one 
hour  in  both  control  animals  and  animals  given  125  mg/kg  phenobarbital.   The 
specific  activity  of  the  glycogen  in  the  case  of  the  anesthetized  animals  was 
75%  of  control  values.   The  half  time  for  glycogen  was  calculated  to  be  2.9 
and  4.1  hrs  for  control  and  anesthetized  mice^  indicating  that  987o  turnover 
of  labelled  glycogen  would  require  17.4  and  24.6  hours  respectively. 
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Peak  activity  in  limit  dextrin  occurred  at  the  same  time  —  1  hour  after 
injection.   The  specific  activity  however  was  67%  of  that  of  total  glycogen. 
The  limit  dextrin  is  thus  shown  to  ba  more  metabolically  inert  than  the  outer 
tiers.   The  rate  of  disappearance  of  label  from  the  limit  dextrin  was  much 
more  affected  by  anesthesia  than  was  total  glycogen.   The  half-time  was  3.3 
and  8.3  hours  for  control  and  anesthetized  mice  respectively.   This  is  evi- 
dence that  debranching  enzymes  are  more  affected  by  anesthesia  than  glycogen 
phosphorylase.   The  ratio  of  phosphorylase  a  to  b  in  the  brain  was  examined 
in  the  control  and  anesthetized  animals;  and  was  found  to  change  from  ,38  to 
.31.   The  difference  was  significant  with  a  P  value  <  0.01. 

Hydrocortisone  (25  mg/kg  i.p.)  increased  brain  glycogen  and  glucose-6-P 
levels  two  hours  after  administration.   The  specific  activity  of  the  glycogen 
was  increased  125%  in  fed  animals  and  165%  in  fasted  animals  at  the  same  time. 
Hydrocortisone  did  not  affect  the  time  of  peak  labelling  of  the  glycogen. 
The  half  time  for  disappearance  of  the  label  was  decreased  by  hydrocortisone 
from  3  to  2  hours  (67%).   The  half  time  for  the  turnover  of  limit  dextrin 
was  decreased  to  857o  of  control  times. 

Significance;   Brain  glycogen  levels  increase  in  various  traumatic  and 
experimental  states^  e.g.  anesthesia,  radiation,  and  surgical  trauma.   Subse- 
quent to  the  anesthesia  or  injury,  the  glycogen  levels  return  to  normal  in 
most  cases.   It  will  be  of  interest  to  determine  whether  newly  formed  glycogen 
has  a  different  turnover  rate  than  steady  state  glycogen.   Furthermore  no 
definitive  determinations  of  rates  of  turnover  of  cerebral  glycogen  have 
been  made. 

Proposed  Course  of  Project:   Further  studies  are  being  made  on  the  effect 
of  electro  convulsive  shock,  insulin,  and  experimental  brain  edema  on  the 
rate  of  incorporation  of  ^^C-glucose  into  brain  glycogen  and  the  subsequent 
loss  of  label. 

Honors  and  Awards :        None 

Publications:  NONE 
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1.  Neuropathology  &  Neuroanatomical 
Sciences 

2.  Section  on  Cellular  Neurochemistry 

3.  Bethesda^  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  The  role  of  adenosine  3',  5'  cyclic  monophosphate  (cyclic  AMP) 
and  guanosine  3', 5'  cyclic  monophosphate  (cyclic  GMP)  in  the 
central  nervous  system. 

Previous  Serial  Number:  NONE 

Principal  investigator:  W.  David  Lust^,  Ph.D. 

Other  Investigators:  Janet  V.  Passonneau,  Ph.D. 

Cooperating  Units:  None 

Man  Years 

Total:  2.25 
Professional:  1.25 
Other:         1.00 

Project  Description: 

Objectives:   To  determine  if  the  alteration  of  brain  metabolism  and  physiol- 
ogy in  vivo  by  experimental  methods  would  affect  the  steady  state  levels  of 
cyclic  AMP  and/or  cyclic  GMP.   To  study  the  characteristics  of  the  cyclic 
AMP  binding  protein  (protein  kinase)  in  the  adult  and  developing  mouse  brain. 

Methods  Employed:   Electroconvulsive  shock  (ECS)  is  applied  oy  corneal 
electrodes  at  an  intensity  of  30-50mA  for  0.2  sec.   At  the  appropriate  times 
following  treatment  the  mice  are  rapidly  frozen  in  liquid  nitrogen.   The 
brains  are  removed  at  -25°,  weighed,  and  extracted  in  perchloric  acid  (PCA). 
The  neutralized  PCA  extracts  are  used  for  all  metabolite  measurements.  Cyclic 
GMP  is  separated  from  other  substance  in  brain  by  thin  layer  chromatography 
before  assaying.   The  cyclic  GMP  is  then  converted  enz3niiatically  to  GDP,  which 
is  amplified  using  cycling  techniques.   Aproximately  one  thousand  equivalents 
of  product  are  thus  produced  for  each  equivalent  of  GDP.   The  concentration  of 
product  (pyruvate)  is  determined  f luorometrically. 

Cyclic  AMP  is  measured  either  enzymatically  by  a  method  similar  to  the 
cyclic  GMP  assay  or  by  a  newly  developed  radioisotopic  cyclic  AMP  binding 
assay.   A  binding  protein  with  a  high  affinity  for  cyclic  AMP  binds  this  nuc- 
leotide specifically  and  irreversibly  at  0'.   The  cyclic  AMP-protein  complex 
is  retained  on  a  millipore  filter.   Addition  of  unlabelled  cyclic  AMP  (tissue 
extracts)  to  the  tritiated  cyclic  AMP  results  in  a  displacement  of  the  label 
which  is  proportional  to  the  concentration  of  unlabelled  cyclic  AMP  added. 
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For  the  studies  on  mouse  brain  cyclic  AMP  binding  protein,  the  mice  were 
decapitated  and  the  brains  removed,  homogenized  and  centrifuged  at  27,000  x  g 
for  30  inin.   The  supernatant  from  an  acid  precipitation  or  100,  000  x  g  centri- 
fugation  of  the  above  homogenate  was  used  for  the  determination  of  binding 
protein. 

Major  Findings;   The  continuation  of  the  work  on  electroconvulsive  shock 
(ECS)  and  ischemia  (produced  by  decapitation)  has  confirmed  our  previous  find- 
ings that  the  levels  of  cyclic  AMP  increase  rapidly  following  both  treatments 
in  all  areas  of  the  brain  tested.   Although  the  concentration  of  cyclic  GMP  does 
not  significantly  change  during  the  80  seconds  following  decapitation,  the 
cyclophosphate  is  elevated  after  ECS  in  both  the  cerebellum  and  the  forebrain. 
The  major  difference  between  the  cyclic  nucleotide  responses  is  that  the  maxi- 
mal change  in  cyclic  AMP  occurs  at  30  seconds  and  precedes  the  cyclic  GMP  peak 
by  approximately  30  seconds.   Relating  these  responses  to  convulsive  behavior, 
it  is  apparent  that  the  major  cyclic  AMP  changes  occur  during  the  excitable 
states  (tonic,  0-15  seconds  and  clonic,  15-50  seconds)  and  the  cyclic  GMP 
during  the  depressive  stage  (post  ictal,  greater  than  50  seconds).   Although 
the  levels  of  cyclic  nucleotides  drop  rapidly  following  their  maximal  ECS- 
induced  changes,  the  restoration  of  cyclic  AMP  and  cyclic  O/SP   to  control 
levels  was  not  reached  by  240  seconds. 

Mice  were  pretreated  by  a"™ethyl-p-tyro3ine,  an  inhibitor  of  tyrosine 
hydroxylase  which  depletes  catecholamines.   In  such  animals,  the  cyclic  AMP 
accumulation  due  to  ECS  was  reduced  but  the  overt  convulsive  behavior  was 
not  affected. 

Oxotremorine,  which  is  presumed  to  act  on  cholinergic  mechanisms  also 
inhibited  the  ECS-dependent  rise  of  cyclic  AMP  and  it  obliterated  the  tonic 
phase  of  the  convulsion. 

The  cyclic  AMP  binding  protein  was  present  in  the  brain  on  the  17th  day 
of  fetal  development  and  did  not  change  appreciably  in  mice  up  to  35  days  of 
age.   Evan  the  affinity  of  the  protein  for  cyclic  AMP  remained  essentially 
constant.   Studies  on  the  binding  characteristics  of  a  cyclic  AMP  binding 
protein  demonstrated  an  optimum  at  pH's  4  and  10.   The  inhibition  of  cyclic 
AMP  binding  by  other  cyclic  nucleotides  is  4-12  fold  less  at  pH  10  chan  pH  4. 

Significance:   The  temporal  disparity  in  the  changes  of  cyclic  nucleotides 
suggests  that  cyclic  AMP  and  cyclic  GM?  may  be  independently  regulated  in 
vivo.   These  observations  are  consistent  with  the  concept  that  the  two  cyclic 
nucleotides  may  serve  different  and  perhaps  opposing  functions  in  the  CNS. 

The  levels  of  cyclic  AMP  increase  in  developing  brain  between  8  and  30 
days.   The  binding  protein  for  cyclic  AMP  is  evident  by  the  17th  day  of  fetal 
development.   Therefore  the  lower  levels  of  cyclic  AMP  are  not  attributable 
to  the  absence  of  the  binding  protein. 
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Use  of  the  cyclic  AMP  binding  assay  at  pH  10  would  reduce  the  possibility 
of  interference  by  cyclic  GMF    in  cyclic  GMP-rich  tissues  like  cerebelluoi. 

Proposed  Course  £f  Project;   More  extensive  experiments  on  the  ECS -depen- 
dent rise  of  cyclic  nucleotides  are  in  progress.   Preliminary  evidence^ 
although  indirect^  favors  an  association  between  cyclic  AM?  and  the  adrenergic 
system^  and  between  cyclic  GMP  and  the  cholinergic  system.   Using  pharmaco- 
logical agents  which  affect  the  cholinergic  and/or  adrenergic  systems^  this 
association  should  be  clarified. 

Honors  and  Awards:      None 

Publications:  None 
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1.  Neuropathology  and  Neuroanatomical 
Sciences 

2.  Section  on  Cellular  Neuropathology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Study  of  living  nerve  fibers  by  differential  interference 
microscopy 

Previous  Serial  Number:   Same 

Principal  Investigator:   Henry  deF.  Webster,  M.D. 

Other  Investigators:   Susan  M.  Billings,  Ph.D. 

Lloyd  Guth,  M.D. 
James  J.  Ries 

Cooperating  Units:   Section  on  Technical  Development,  NIMH 

Man  Years : 

Total:  2.3 
Professional:  1.7 
Other:  .6 

Project  Description: 

Objectives :   (1)   To  examine  living  peripheral  nerve  and  muscle  fibers 
in  Xenopus  tadpoles  with  the  differential  interference  microscope  before 
preparing  them  for  electron  microscopic  study. 

(2)   To  utilize  this  model  system  in  which  nerve  and  muscle  fibers  can 
be  observed  directly  in  their  natural  environment  to  study:   (a)   normal 
development  of  nerve  and  muscle,  (b)   demyelination,  and  (c)   nerve  fiber 
(pxonal)  degeneration. 

Methods  Employed:   The  chamber  used  for  in  vivo  microscopic  studies  has 
been  redesigned  to  simplify  serial  observations,  reduce  specimen  motion, 
improve  optical  resolution,  and  permit  microinjection  at  selected  sites. 

After  ±n   vivo  observation,  tissue  was  fixed  and  embedded  for  electron 
microscopic  study.   In  collaboration  with  Mr.  Ries,  Section  on  Technical 
Development,  NIMH,  the  Woodcock-Bell  Section  Mounting  Device  was  modified  to 
obtain  thin  sections  of  selected  regions  of  nerve  fibers  examined  in  vivo. 

Histochemical  techniques  were  also  used  by  Dr.  Guth,  Section  on  Nerve 
Regeneration,  LNNS ,  to  characterize  Xenopus  muscle  fibers. 
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Major  Findings;   (1)  When  the  differential  interference  microscope  was 
used  to  examine  living  nerve  fibers  in  tadpoles,  single  myelinated  axons 
could  be  traced  dis tally  to  their  growing  tips.   There,  and  near  nodes  of 
Ranvier,  axonal  mitochondria  moved  longitudinally  and  changed  shape.   In  both 
locations,  Schwann  cells  travelled  toward  axonal  sprouts,  surrounded  them, 
and  spread  along  their  surfaces.   Comparable  resolution  has  not  been  achieved 
with  the  use  of  phase  or  bright  field  optics. 

(2)  Muscle  fibers,  their  mitochondria,  and  their  sarcomeres  were  also 
well  visualized  in  vivo  with  the  Nomarski  microscope.   In  favorable  circum- 
stances, nerve  fibers  were  traced  to  regions  at  the  ends  of  muscle  fibers 
where  motor  end  plates  have  been  identified  with  the  electron  microscope. 

(3)  Two  groups  of  muscle  fibers  could  be  distinguished  in  sections 
prepared  for  histochemistry  and  electron  microscopy.   The  superficial  fibers 
were  small,  had  large  mitochondria,  abundant  ribosomes  and  sarcoplasm;  their 
intermyofibrillar  ATPase  and  SDH  activities  were  high.   The  larger,  deep 
fibers  had  less  sarcoplasm  and  smaller  mitochondria;  their  SDH  activity  was 
low  and  the  intermyofibrillar  ATPase  activity  was  absent.   In  both  groups,  the 
myofibrils  had  prominent  M  bands,  triads  at  the  Z  line  and  were  only  partially 
surrounded  by  sarcoplasmic  reticulum;  neither  fiber  group  had  myofibrillar 
ATPase  activity. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
The  examination  of  living  neuromuscular  tissue  is  highly  advantageous  for 
those  interested  in  characterizing  the  dynamic  behavior  of  cells  and  their 
organelles  under  normal  or  pathological  conditions. 

Our  observations  on  nerve  and  muscle  fibers  are  the  first  effort  to  use 
modern  microscopic  techniques  for  the  study  of  a  model  system  described  many 
years  ago  by  Speidel.   Its  major  advantages  are: 

(1)  It  is  the  only  preparation  in  which  living  nerve  fibers  can 

be  observed  in  their  natural  environment  during  myelin  formation 
and  maintenance.   Problems  related  to  explanting  embryonic  tissue 
and  maintaining  it  in  vitro  do  not  have  to  be  considered  when 
studying  a  sequence  of  pathological  events.   Moreover,  successful 
myelin  formation  and  maintenance  have  not  yet  been  achieved 
routinely  in  chambers  that  meet  the  optical  requirements  of  the 
differential  interference  microscope. 

(2)  Also  this  is  an  excellent  model  system  for  muscle  research;  there 
are  few  preparations  in  which  muscle  fibers  can  be  observed  in 
vivo  with  all  stages  of  development  represented  in  a  caudal  to 
rostral  progression.   The  muscle  fibers  are  relatively  accessible 
for  physiologic  study  and  can  be  dissected  free  for  subsequent 
microchemical  analysis.   After  a  fiber  is  manipulated  experi- 
mentally, the  sequence  of  pathological  events  can  be  observed 
directly.   The  features  of  irreversible  damage  and  the  stages  of 
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recovery  can  also  be  identified  and  should  provide  a  better 
understanding  of  the  pathological  process  being  studied. 

Proposed  Course  of  the  Project:   Currently,  this  model  system  is  being 
used  to  observe  the  effects  of  agents  that  selectively  damage  axons  and  myelin 
in  peripheral  nerve  fibers.   Colchicine  and  hexachlorophene  are  among  those 
being  tested. 

Honors  and  Awards :   None 

Publications : 

Ries ,  J.  J.:   Modification  of  the  Woodcock-Bell  section  mounting  device. 
J.  Microscopy  94:   189-190,  1971. 

Webster,  H.  deF.  and  Billings,  S.  M. :   Myelinated  fibers  in  Xenopus 
tadpoles:  In  vivo  observations  and  fine  structure.   J.  Neuropath.  Exp. 
Neurol.  31:   102-112,  1972. 

Webster,  H.  deF.,  Billings,  S.  M. ,  and  Guth,  L. :   Muscle  fibers  and 
their  innervation  in  Xenopus  tadpoles:  Fine  structure,  histochemistry 
and  in  vivo  observations.   Proc.  II  Int.  Congress  on  Muscle  Diseases. 
(In  press) 
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1.  Neuropathology  and  Neuroanatomical 
Sciences 

2.  Section  on  Cellular  Neuropathology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Electron  microscopic  study  of  axon  Schwann  cell  relationships 
prior  to  myelination  in  peripheral  nerves 

Previous  Serial  Number:   Same 

Principal  Investigator:   Henry  deF.  Webster,  M.D. 

Other  Investigators:   John  Martin,  B.S. 

George  H.  Collins,  M.D. 


Cooperating  Units: 

None 

Man  Years : 

Total: 

1.2 

Professional: 

.8 

Other: 

.4 

Project  Description: 

Objectives:   (1)   To  define  the  geometry  of  interphase  and  mitotic 
Schwann  cells  and  their  changing  surface  relationships  with  axons  before  the 
onset  of  myelin  formation.   (2)   To  study  quantitatively  the  diameters  of 
axons  and  their  distribution  in  relation  to  Schwann  cell  processes.   (3) 
During  this  period  of  development,  to  stain  carbohydrate  components  of  axon 
and  Schwann  cell  surface  membranes  and  study  their  distribution  by  electron 
microscopy. 

Methods  Employed:   (1)   Three  dimensional  reconstructions  were  prepared 
from  electron  micrographs  of  transversely  sectioned  rat  sciatic  nerves  removed 
from  littermates  at  birth  and  at  age  3  and  7  days.   (2)   In  comparable  areas 
of  the  same  transversely  sectioned  bundle,  Schwann  cells  and  axons  were 
counted  and  the  diameters  of  the  latter  were  measured  at  each  interval  (new- 
born, ages  3  and  7  days).   Also,  the  relationships  of  axons  to  their  satellite 
Schwann  cells  were  tabulated  to  permit  comparisons,  at  a  single  transverse 
level,  of  changes  in  their  relationships  on  a  quantitative  basis.   (3) 
Another  series  of  nerves  was  studied  electron  microscopically  after  treatment 
with  alcian  blue,  ruthenium  red,  lanthanum  hydroxide,  and  colloidal  iron. 
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Major  Findings:   (1)  Axon  bundles  were  surrounded  by  sheet-like 
processes  of  interphase  Schwann  cells  that  also  segregated  individual  axons  in 
longitudinal  furrows.   The  diameters  of  these  segregated  axons  were  larger  and 
at  more  proximal  or  distal  levels,  they  frequently  were  in  a  1:1  relationship 
with  another  Schwann  cell.   During  mitosis,  processes  were  retracted,  the 
Schwann  cell  became  pencil  shaped,  and  the  abandoned  axons  were  enveloped  by 
processes  of  an  adjacent  interphase  Schwann  cell.   Re-extension  of  processes 
to  surround  nearby  axons  was  identified  in  telophase  Schwann  cells.   (2)   Our 
quantitative  studies  of  comparable  areas  of  the  newborn,  3  day  and  7  day 
nerves  have  shown  that:   (a)  Axons  -  The  number  doubled  by  3  days  and  then 
remained  unchanged  in  the  7  day  nerve.   In  the  newborn,  95%  of  the  axons  were 
in  bundles,  4%  were  segregated  and  only  1%  were  in  a  1:1  relationship  with 
Schwann  cells.   At  7  days,  the  figures  were  85%,  7%  and  8%  respectively. 
Histograms  revealed  that  the  distribution  of  axon  diameters  was  not  random. 
Diameters  were  smallest  for  axons  centrally  located  (surrounded  by  other  axons) 
in  the  largest  bundles.   Axons  touching  Schwann  cell  surface  membranes  were 
larger  and  the  diameters  of  segregated  axons  were  the  largest.   Also,  axon 
diameters  were  larger  in  smaller  bundles  and  with  time,  there  was  a  dramatic 
increase  in  the  number  of  bundles  and  a  decrease  in  their  size.   (b)   Schwann 
Cells  -  During  the  interval  studied,  there  was  a  fourfold  increase  in  the 
number  of  Schwann  cells.   The  proportion  with  a  1:1  relationship  to  axons 
increased  from  15%  to  45%.   Seventy  per  cent  of  the  Schwann  cells  in  the  new- 
born nerve  surrounded  bundles;  at  7  days,  it  was  50%  but  at  all  intervals, 
about  half  of  the  Schwann  cells  that  surrounded  bundles  also  contained  segre- 
gated axons.   (3)   Electron  microscopic  study  of  the  distribution  of  alcian 
blue,  ruthenium  red,  and  colloidal  iron  showed  that  surface  membranes  of 
Schwann  cells  forming  myelin  around  single  large  axons  stained  more  intensely 
than  those  of  Schwann  cells  surrounding  bundles  of  smaller  axons.   Penetration 
of  the  stains  was  a  problem,  but  the  results  suggested  that  changes  in  the 
carbohydrate  constituents  of  Schwann  cell  and  axonal  surfaces  may  occur  during 
myelination. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
This  study  is  the  first  effort  to  define  the  three  dimensional  relationships 
of  Schwann  cells  as  bundles  of  axons  are  subdivided  and  those  destined  to  be 
myelinated  are  segregated  and  subsequently  provided  with  a  Schwann  cell  that 
will  form  one  of  its  myelin  internodes.   Sorting,  segregation,  and  acquisition 
of  a  Schwann  cell  programmed  to  make  myelin  is  not  random  nor  are  the  Schwann 
cell  relationships  uniform  when  the  same  axon  is  followed  longitudinally.   The 
variations  observed  may  reflect  regional  differences  in  the  interaction 
(recognition)  of  axon  and  Schwann  cell  surface  membranes.   Spacing  of  "attrac- 
tion sites"  and  their  changes  during  Schwann  cell  mitosis  deserve  further 
exploration. 

Our  observations,  by  providing  three  dimensional  and  quantitative  data 
for  this  complex  developmental  process,  should  also  provide  a  better  basis 
for  the  interpretation  of  abnormalities  associated  with  neuropathies  of 
infancy  and  childhood. 
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Proposed  Course  of  Project:   Manuscripts  that  include  the  findings 
described  above  are  in  preparation  and  will  be  submitted  to  "Developmental 
Biology." 

The  three  dimensional  and  quantitative  observations  described  here  and 
published  previously  provide  the  data  on  normal  myelination  required  for  more 
sophisticated  electron  microscopic  studies  of  abnormal  myelin  development  than 
have  been  done  to  date.   A  study  of  myelin  formation  in  hypothyroidism  is 
being  planned. 

Honors  and  Awards :   None 

Publications:   None 
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1.  Neuropathology  &  Neuroanatomical 
Sciences 

2.  Section  on  Comparative  Neuropathology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Effects  of  ionizing  radiation  on  the  elasmobranch  brain 

Previous  Serial  Number:   Same 

Principal  Investigator:   Igor  Klatzo,  M.D. 

Other  Investigators:   Arland  L.  Carsten,  Ph.D. 

Milton  Brightman,  Ph.D. 

Cooperating  Units:   Medical  Department,  Brookhaven  National  Laboratory, 

Upton,  Long  Island,  N.  Y. 

Man  Years : 

Total:  2.3 
Professional:  1.7 
Other:         0.6 

Project  Description: 

Objectives:   Recent  studies  have  shovm  the  shark  brain  to  exhibit  a 
profound  and  unusual  resistance  to  changes  in  vascular  permeability  and 
blood-brain  barrier  following  severe  local  injury  (Klatzo,  I.  and  Steinwall, 
0. :   Observations  on  cerebrospinal  fluid  pathways  and  behaviour  of  the 
blood-brain  barrier  in  sharks.   Acta  Neuropath.  5:   161-175,  1965).   The 
present  investigation  is  to  determine  if  such  a  resistance  would  extend  also 
to  effects  of  radiation  injury,  and  if  so,  to  elucidate  what  factors  are 
responsible  for  such  resistance. 

The  unique  features  of  cellular  morphology  such  as  perivascular  arrange- 
ment of  astrocytes,  the  ultrastructural  characteristics  of  glia-capillary 
interphase,  lack  of  tight  junctions  between  the  cerebral  vascular  endothelium 
cells,  distribution  of  glycogen,  etc.  create  a  special  interest  for  studying 
effects  of  radiation  in  Elasmobranchfe  brain,  since  it  has  been  shown  before 
that  in  the  mammalian  brain  the  most  sensitive  changes  occur  at  the 
glia-blood  vessel  interphase  and  involve  an  abnormal  glycogen  reaction 
(Klatzo,  I.,  et  al. :   Effects  of  alpha  particle  radiation  on  the  rat  brain 
including  vascular  permeability  and  glycogen  studies.   J.  Neuropath.  Exp. 
Neurol.   20:   459-483,  1961).   Also,  the  very  different  metabolic  and 
oxygen  consumption  rates  of  the  shark  are  of  particular  interest  since  the 
relationship  of  circulation  and  oxygen  tension  levels  to  severity  of 
radiation  injury  are  well  established. 
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Methods  Employed:   Approximately  50  nurse  sharks  have  been  exposed  to  a 
well  collimated  gamma  ray  beam  directed  at  the  cerebellum  and  underlying 
portions  of  the  hypothalamus,  tegmentum  and  pons.   The  radiation  source  con- 
sisting of  the  cobalt  bomb  was  shipped  from  the  Brookhaven  National  Labora- 
tory to  the  Lerner  Marine  Laboratory,  Bimini,  Bahamas,  and  was  installed 
there.   The  sharks  were  subjected  to  study  of  acute  effects  of  radiation 
with  doses  ranging  up  to  30,000  r.  and  were  sacrificed  within  first  twelve 
days  following  irradiation.   Corresponding  radiation  doses  were  given  to  cats 
and  those  were  sacrificed  at  the  comparable  time  intervals.   For  the  observa- 
tions on  the  behaviour  of  the  blood-brain  barrier,  sharks  and  cats  were 
injected  intravenously  with  the  Evans  Blue-albumin  tracer,  usually  several 
hours  before  the  sacrifice.   The  brains  were  perfused  through  the  heart  by 
buffered  solutions  of  paraformaldehyde  or  fixatives  designed  for  the  electron 
microscopy  and  processed  for  histological,  histochemical  and  ultrastructural 
studies.   A  group  of  sharks  irradiated  with  5,000  -  30,000  r.  were  left  in 
shark  enclosures  in  Bimini  for  studies  on  the  chronic  effects  of  radiation. 

Major  Findings:   All  sharks  radiated  with  30,000  r.  and  sacrificed 
within  twelve  days  after  irradiation  revealed  no  evidence  of  brain  injury. 
There  were  no  apparent  histological  or  histochemical  changes,  and  partic- 
ularly the  picture  of  histochemical  glycogen  distribution  was  no  different 
from  control  animals.   Also,  sharks  radiated  with  30,000  r.  and  sacrificed 
9  months  later  revealed  no  abnormalities  in  the  brain.   One  shark  which 
received  5,000  r.  and  was  sacrificed  2-1/2  years  after  irradiation  showed 
several  small  foci  of  necrosis  and  astrocytic  proliferation  in  the  tegmentum, 
in  the  path  of  the  radiation. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute; 
The  Section  on  Comparative  Neuropathology,  Laboratory  of  Neuropathology  and 
Neuroanatomical  Sciences,  is  vitally  interested  in  research  on  elucidation 
of  some  basic  pathogenic  mechanisms  in  the  nervous  system.   It  is  felt  that 
studies  on  primitive  vertebrate  and  invertebrate  brains  by  confrontation  of 
differences  found  under  various  experimental  conditions  offer  a  unique  oppor- 
tunity to  expand  our  understanding  of  intricate  neurobiological  structure- 
function  relationships.   This  particular  project  should  contribute  to  eluci- 
dation of  various  patho-mechanisms  operative  in  the  radiation  damage  of  the 
human  brain. 

Proposed  Course  of  the  Project:   This  project  has  been  completed. 

Honors  and  Awards:   None 

Publications: 

"  Olsson,  Y. ,  Carsten,  A.  L. ,  and  Klatzo,  I.:   Effects  of  gamma  radiation 
in  the  shark  brain.   Acta  Neuropath.   (In  press). 
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1.  Neuropathology  and  Neuroanatomical 
Sciences 

2.  Section  on  Comparative  Neuropathology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Study  on  the  basic  aspects  of  pathology  of  the  blood-brain 
barrier  (BBB) 

Previous  Serial  Number:   Same 

Principal  Investigator:   Masaharu  Hori,  M.D. 

Other  Investigators:   Stanley  I.  Rapoport,  M.D. 

Maria  Spatz,  M.D. 
Igor  Klatzo,  M.D. 

Cooperating  Units:   Laboratory  of  Neurophysiology,  NIMH 

Man  Years : 

Total:  2.5 
Professional:  1.6 
Other:  .9 

Project  Description: 

Objectives :   Slight,  reversible  damage  of  the  BBB  is  of  particular 
importance  for  interpretation  of  certain  pathological  conditions  associated 
with  increased  cerebrovascular  permeability.   BBB  changes  of  this  nature  may 
play  a  paramount  role  in  metabolic  or  respiratory  disturbances.   An  experi- 
mental model  of  such  reversible  BBB  damage  would  allow  us  to  elucidate  various 
important  aspects  of  increased  vascular  permeability  such  as  the  routes  of 
abnormal  passage  of  various  compounds  into  the  brain  parenchyma  under  patho- 
logical conditions.   Such  a  model  was  established  by  application  of  hyper- 
tonic solutions  to  the  exposed  pial  surface  of  the  rabbit  brain. 

Methods  Employed:   Windows  are  made  exposing  cortical  surface  of  one 
or  both  hemispheres.   The  rabbits  are  injected  with  Evans  Blue  tracer, 
circular  pledgets  of  filter  paper  saturated  in  various  test  solutions  are 
placed  on  the  exposed  pial  surface  and  kept  for  10  minutes.   Following  this 
escape  of  Evans  Blue  dye  from  the  pial  blood  vessels  is  ascertained  under 
the  dissecting  microscope.   As  test  substances  electrolytes  and  non-electro- 
lytes were  used  at  different  concentrations.   Threshold  for  barrier  damage 
was  defined  as  lowest  osmolality  of  the  test  solution  which  produced  the 
blue  staining  of  the  brain.   The  reversibility  of  barrier  opening  was 
studied  as  follows.   In  the  absence  of  intravascular  Evans  Blue,  concen- 
trated solutions  at  threshold  and  above  were  applied  with  continuously  ' 
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saturated  pledgets  to  regions  on  one  cortical  hemisphere  for  10  minutes, 
after  which  the  cortex  was  washed  for  30  minutes  with  Ringer  solution  at 
37 °C.   Evans  Blue  then  was  injected  and  the  treated  cortical  regions 
observed  for  staining  after  10  to  15  minutes.   After  this,  the  other  hemi- 
sphere was  exposed  and  the  same  damaging  concentrations  of  test  substance 
were  applied  to  it  for  10  minutes.   The  second  hemisphere  acted  as  a 
control  since  solutions  were  applied  to  it  after  giving  Evans  Blue. 

Barrier  opening  was  defined  as  reversible  if  the  first  side,  to  which 
the  concentrated  solutions  were  applied  30  minutes  before  Evans  Blue,  was 
not  stained,  in  contrast  to  the  control  side.   Barrier  opening  was  irre- 
versible if  both  hemispheres  were  stained. 

Major  Findings;   Application  of  electrolytes  or  nonelectrolytes  which 
have  little  or  no  lipid  solubility  to  the  exposed  pial  vessels  revealed  a 
direct  reversible  osmotic  effect  on  the  permeability  of  the  BBB.   Lipid 
soluble  substances  such  as  urethan,  cyananide  and  ethanol  produced  irre- 
versible damage.   Independent  experiments  using  hypertonic  solutions  via 
intrainternal  carotid  perfusion  of  one  hemisphere,  injecting  horseradish 
peroxidase  as  the  tracer  and  subjecting  the  brain  tissue  to  electron  micro- 
scopic study  revealed  the  following.   In  reversible,  slightly  above  threshold 
BBB  damage,  the  passage  of  the  E.M.  was  visible  between  the  adjacent  endo- 
thelial cells,  indicating  opening  of  the  tight  junctions.   In  irreversible 
BBB  there  was  evidence  of  cellular  damage  of  endothelium. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Disturbances  of  the  BBB  play  a  paramount  role  in  a  number  of  neurological 
conditions.   Increased  vascular  permeability  allowing  escape  of  serum 
contents  into  brain  tissue  is  commonly  associated  with  traumatic  brain 
injuries,  brain  neoplasms,  inflammatory  and  cerebrovascular  lesions. 
Elucidation  of  basic  BBB  phenomena  under  the  normal  and  pathological  condi- 
tions, as  attempted  in  this  study,  may  offer  a  possibility  to  achieve  some 
control  of  vascular  permeability  and  to  diminish  adverse  effects  of  "leaky" 
blood  vessels  on  the  brain  parench3nna. 

Proposed  Course  of  the  Project:   This  project  has  been  completed. 

Honors  and  Awards :   None 

Publications:   Rapoport,  S.  I.,  Hori,  M. ,  and  Klatzo,  I.:   Reversible  osmotic 
opening  of  the  blood-brain  barrier.   Science  173:   1026-1028, 
1971. 
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Serial  No.  NDS(I)-72  LNNS/CN  1964 

1.  Neuropathology  and  Neuroanatomical 
Sciences 

2.  Section  on  Comparative  Neuropathology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Sequelae  of  osmotic  blood-brain  barrier  (BBB)  damage 

Previous  Serial  Number:   None 

Principal  Investigator:   Zbigniaw  M.  Rap,  M.D. 

Other  Investigators:  Maria  Spatz,  M.D. 

Stanley  I.  Rapoport,  M.D. 
Igor  Klatzo,  M.D. 

Cooperating  Units:   Laboratory  of  Neurophysiology,  NIMH 

Man  Years : 

Total:  2.0 
Professional:  1.0 
Other:         1.0 

Project  Description: 

Objectives :  Since  our  previous  studies  established  a  model  of  a  revers- 
ible EBB  damage  by  exposure  of  cerebral  blood  vessels  to  hypertonic  solutions, 
the  objective  of  this  investigation  was  to  elucidate  some  sequelae  and  effects 
of  such  BBB  opening  on  the  brain  parenchyma. 

Methods  Employed:   Unilateral  BBB  injury  was  produced  in  rabbits  by 
intravascular  application  of  various  hypertonic  solutions.   A  polyethylene 
catheter  was  secured  in  the  left  common  carotid  artery  after  ligation  of  its 
proximal  part  and  external  branches  in  order  to  direct  the  injected  solutions 
into  the  internal  carotid  artery.   A  trephine  opening  was  made  over  the  left 
cerebral  hemisphere  exposing  the  intact  dura.   To  test  the  perfusion  system, 
physiological  saline  was  injected  under  pressure  which  would  be  sufficient  to 
expel  the  blood  from  pial  vessels  visible  through  the  dura.   The  hypertonic 
solutions  (mostly  2-3  M  urea)  were  then  injected  for  20  seconds  under  similar 
conditions.   To  test  the  reversibility  of  the  BBB  damage,  sodium  fluorescein 
was  administered  intravenously  before  the  carotid  perfusion,  whereas,  Evans 
Blue  (EB)  tracer  was  given  at  various  time  intervals  following  hypertonic 
insult  and  the  animal  was  sacrificed  30  minutes  later.   Brains  were  studied 
histologically  with  E.M.  (using  horseradish  peroxidase  as  the  BBB  tracer)  and 
histochemically. 
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Major  Findings;   EM  observations  revealed  that  in  slight,  reversible 
hyperosmotic  BBB  damage  there  is  an  opening  of  tight  interendothelial 
junctions,  and  horseradish  peroxidase  penetrates  between  the  cellular  elements 
into  the  brain  parenchyma  which  shows  no  evidence  of  cytological  damage.   In 
more  severe  BBB  damage,  there  was  a  marked  edema  of  the  affected  hemisphere. 
Some  of  the  neurons  showed  a  selective  uptake  of  the  BBB  protein  tracers.   In 
animals  which  survived  for  over  24  hours ,  the  protein  tracers  were  taken  up 
by  cells  of  mesodermal  origin,  mostly  pericytes  of  the  cerebral  blood  vessels. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  study  on  sequelae  of  BBB  opening  in  the  brain  parenchyma  is  essential 
for  understanding  the  basic  aspects  of  the  vasogenic  type  of  brain  edema. 
This  type  of  edema  originates  from  increased  vascular  permeability  and  its 
course  depends  on  the  interaction  of  extravasated  serum  contents  with  the 
brain  parenchyma.   Thus,  metabolic,  electrolyte  changes,  enzymatic  reactivity, 
altered  transport  of  nutrients  (glucose,  amino  acids),  etc.  are  of  signifi- 
cance in  interpretation  of  the  whole  picture  of  edematous  process. 

Proposed  Course  of  the  Project:   Further  investigations  on  this  project 
will  involve  outlining  a  dynamic  profile  of  edema  by  assays  on  wet /dry  brain 
tissue  ratios  and  electrolytes  content.   Aspects  of  edema  resolution  will  be 
studied  also  with  fluorescent  protein  tracers.   Possible  involvement  of 
biogenic  amines  will  be  ascertained  by  specific  histof luorescence  studies  and 
quantitative  assays. 

Honors  and  Awards:   None 

Publications:   None 
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Serial  No.  NDS(I)-62  LNNS/ENP  944 

1.  Neuropathology  &  Neuroanatomical 
Sciences 

2.  Section  on  Experimental  Neuro- 
pathology 

3.  Bethesda ,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Hematologic  control  of  primates 


Previous  Serial  Number 
Principal  Investigator; 
Other  Investigators: 
Cooperating  Units: 
Man  Years 


SAME 

Mrs.  Margaret  G.  Johnson 

None 

None 


Total: 

0.4 

Professional: 

0.0 

Other: 

0.4 

Project  Description: 

Objectives :   Hematologic  control  of  caged  primates. 

Methods  Employed :  Different  primate  species  have  been 
regularly  examined  by  various  hematologic  techniques ,  together 
with  control  of  weight  and  dietary  regimen. 

Major  Findings:   Primates  were  frequently  found  to  suffer 
from  severe  infections  and  aberrations  of  blood  composition. 

Significance :   A  careful  hematologic  examination  has  been 
found  to  be  significant  in  order  to  estimate  the  health 
condition  prior  to  subjecting  primates  to  experiments. 

Proposed  Course  of  Project:   Continued  control  of  animals  as 
they  are  acquired.   Preparation  of  data  for  publication. 

Honors  and  Awards:   None 

Publications:        None 


31  i 


Serial  No.  NDS(I)-63  LNNS/ENP  1066 

1.  Neuropathology  &  Neuroanatomical 
Sciences 

2.  Section  on  Experimental  Neuro- 
pathology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  I>roject  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Acute  degenerative  changes  in  the  central  nervous 

system. 

Previous  Serial  Number:  SAME 

Principal  Investigator:  Jan  Cammermeyer ,  M.D. 

Other  Investigators:  None 

Cooperating  Units:  None 

Man  Years 

Total:  0.6 
Professional:  0.2 
Other:         0.4 

Project  Description: 

Objectives :   To  ascertain  the  specificity  of  neuronal  changes. 

Methods  Employed:   Cerebral  necrosis  is  obtained  by  emboliza- 
tion of  blood  vessels  or  constriction  of  arteries  and  by  com- 
pression of  the  cerebral  surface.   The  tissues  are  preserved  by 
the  submerged  heart  perfusion  procedure. 

Major  Findings:   Preliminary  study  has  disclosed  that  by  the 
use  of  current  procedures  of  preservation,  the  tissue  can  not  yet 
be  regarded  as  adequately  fixed.   This  is  evident  by  the  fact 
that  some  of  the  changes  are  not  distinguishable  from  non-specific 
changes . 

Significance:   Since  the  ill-effect  of  pharmacologic  agents 
and  degree  of  damage  to  the  central  nervous  system  are  estimated 
on  the  basis  of  morphologic  appearance  of  neurons ,  it  is 
imperative  that  the  criteria  by  which  the  functional  condition  of 
neurons  is  judged  are  well  defined.   Since  it  is  known  that  the 
manner  of  preparation  of  the  tissue  influences  the  appearance  of 
normal  neurons,  a  pilot  study  was  carried  out  to  ascertain 
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whether  altered  neurons  could  be  similarly  affected.   A  preliminarj 
study  indicated  that  a  confusion  between  altered  and  normal  neurons 
can  easily  take  place  when  conventional  criteria  are  used  and  thus 
cause  misleading  results  in  clinicopathologic  and  experimental 
observations.   The  prototype  of  the  altered  neuron  as  seen  in 
ischemic  lesions  has  been  found  to  have  other  characteristics 
permitting  unequivocal  diagnosis,  namely  by  their  inflated 
appearance  and  acute  loss  of  Nissl  material  (ribonucleic  acid  or 
ribosomes) .   In  the  light  of  these  observations,  it  should  be 
possible  to  interpret  more  correctly  the  sequence  of  biochemical 
events  in  the  neurons  following  ischemia. 

Proposed  Course  of  Project:   Preparation  of  additional 
material  by  current  methods  for  light  microscope  to  supplement 
and  verify  pilot  observations  recently  reported.   As  part  of  a 
long-term  study  on  the  occurrence  of  non-specific  cell  changes 
of  artif actual  nature,  the  observations  have  been  included  in  a 
comprehensive  review  (see  LNNS/ENP  1882) . 

Honors  and  Awards :   None 

Publications:       None 
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Serial  No.  NDS(I)-67  LNNS/ENP  1449 

1.  Neuropathology  &  Neuroanatomical 
Sciences 

2.  Section  on  Experimental  Neuro- 
pathology 

3.  Bethesda ,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   The  effect  of  cortisone  on  the  retrograde 

neuronal  changes 

Previous  Serial  Number:  SAME 

Principal  Investigator:  Jan  Cammermeyer ,  M.D. 

Other  Investigators:  None 

Cooperating  Units:  None 

Man  Years 

Total:  0.2 
Professional:  0.1 
Other:         0.1 

Project  Description: 

Objectives :   To  determine  what  effect  cortisone  treatment  may 
have  on  the  acute  reactive  phase  and  the  subsequent  recovery 
phase  of  motor  neurons  subsequent  to  transection  of  their  axons. 

Methods  Employed :   Cranial  motor  nerves  were  cut  in  different 
animal  species.   Serial  sections  of  the  brain  stem  were  stained  by 
a  combined  PAS-gallocyanin  method.   New  material  is  being  pre- 
pared for  use  of  other  staining  methods. 

Major  Findings:   Preliminary  studies  have  revealed  that  the 
acute  peripheral  chromatolysis  is  not  influenced  by  cortisone 
treatment  although  the  incidence  of  reactive  mitosis  is  depressed. 
However,  because  of  subtle  differences  in  the  neuronal  reaction, 
new  material  has  been  prepared  for  supplementary  studies. 

Significance:   In  the  acute  stage  of  retrograde  changes, 
cortisone  has  been  found  to  have  a  selective  action  on  the  meso- 
dermal elements.   The  results  of  this  study  would  form  a  basis 
to  evaluate  the  usefulness  of  cortisone  treatment  during  condi- 
tions of  nerve  regeneration. 
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Proposed  Course  of  Project:   Histologic  preparation  of  newly 
prepared  material  to  study  in  particular  whether  in  cortisone 
treated  animals  the  sequence  of  retrograde  reaction  is  different 
from  that  in  untreated  material,  with  respect  to  content  of  RNA 
and  glycogen  in  neurons  as  well  as  reactability  of  microglial 
cells.   A  preliminary  report  is  included  in  review  artiple  (see 
LNNS/ENP  1882) . 

Honors  and  Awards :   None 

Publications:       None 
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1.  Neuropathology  &  Neuroanatomical 
Sciences 

2.  Section  on  Experimental  Neuro- 
pathology 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   A  comparative  study  of  the  area  postrema  and  the 

caudal  part  of  the  fourth  ventricle. 

Previous  Serial  Number:   SAME 

Principal  Investigator:   Jan  Cammermeyer,  M.D. 


Other  Investigators: 

None 

Cooperating  Units: 

None 

Man  Years 

Total:         1.2 

Professional:   0.2 

Other:         1.0 

Project  Description: 

Objectives:   To  determine  species  differences  in  the  topo- 
graphic  and  histologic  characteristics  of  the  area  postrema  and 
surrounding  fourth  ventricle  and  to  determine  the  effect  of 
chronic  meningitis  on  the  topography  of  the  roof  of  the  fourth 
ventricle . 

Methods  Employed:   Light  microscopic  techniques. 

Major  Findings:   1)  Among  the  various  animal  species  examined, 
the  ventricular  wall  of  the  primates  was  remarkable  by  the 
presence  of  hypependymal  cysts  some  of  which  were  found  on  the 
surface  of  the  area  postrema. 

2)  Mast  cells  were  in  some  species  found  to  enter  the  cysts 
in  large  number . 

3)  Once  in  a  stumptailed  monkey,  a  fungus  had  grown  inside  a 
cyst. . 
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4)  Spontaneous  cystic  degeneration  was  found  in  the  very  old 
animal. 

5)  Cystic  degenerative  lesions  were  demonstrable  in  cats 
treated  with  trypan  blue. 

Significance:   These  observations  have  brought  out  a  series 
of  hitherto  unknown  reactions  of  the  ventricular  wall.   The 
presence  of  cysts  in  various  parts  of  the  ventricular  wall  may 
reflect  abnormalities  in  transport  of  material  across  the  ependyma, 
Further  experiments  are  planned  to  elucidate  the  degree  of 
impairment  of  the  transport  mechanism. 

The  fortuitous  demonstration  of  cystic  degeneration  in  the 
area  postrema  of  cats  treated  with  trypan  blue  is  of  paramount 
significance.   If  these  results  can  be  reproduced,  it  would  offer 
an  opportunity  to  clarify  the  functional  role  of  the  area  postrema 
without  surgical  intervention.   Although  the  actual  function  of 
this  region  is  still  uncertain,  there  is  some  indication  that  it 
may  be  concerned  with  control  of  blood  pressure  and  trigger  zone 
for  retching.   Considerable  experimental  research  is  still 
required  to  determine  whether  a  similar  approach  is  applicable 
to  clinical  conditions  of  nausea. 

Proposed  Course  of  Project:   To  examine  the  area  postrema 
under  different  experimental  conditions. 

Honors  and  Awards :   None 

Publications : 

Cammermeyer ,  J.:  Hypependymal  cysts  adjacent  to  and  over 
circumventricular  regions  in  primates.   Acta  Anat . ,  in  press. 
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1.  Neuropathology  &  Neuroanatomical 
Sciences 

2.  Section  on  Experimental  Neuro- 
pathology 

3.  Bethesda^  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Comparative  anatomical  study  of  mast  cells  in  the 

area  postrema . 

Previous  Serial  Number:  SAME 

Principal  Investigator:  Jan  Cammermeyer,  M.D. 

Other  Investigators :  None 

Cooperating  Units:  None 

Man  Years 

Total:  1.3 
Professional:  0.2 
Other:         1.1 

Project  Description: 

Objectives :   To  determine  the  significance  of  mast  cells 
in  the  area  postrema . 

Methods  Employed:   Histologic  methods  for  identification  of 
mast  cells. 

Major  Findings:   A  preliminary  review  of  the  area  postrema  in 
more  than  10  species  has  revealed  considerable  individual  and 
species  differences  in  content  of  mast  cells.   These  cells  are 
extremely  numerous  in  some  species   such  as  the  cynomolgus  and 
the  speciosa  monkeys,  whereas  others,  such  as  the  mulatta  and 
squirrel  monkeys,  have  very  few  or  none.   The  dog  and  the  cat 
have  many  mast  cells,  the  dog  more  than  the  cat  but  far  less  than 
the  monkeys.   A  preliminary  report  was  given  at  the  Anatomical 
Institute,  University  in  Oslo,  September  14,  1970  (Nord .  Med . 
85:  666,  1971). 

A  review  of  microscopic  sections  from  the  stumptailed  monkey 
has  disclosed  that  mast  cells  of  the  large  pale  type  can  reach 
the  surface  of  the  area  postrema  by  a  migratory  process . 


39  i 


Serial  No.  NDS(I)-69  LNNS/ENP  1677 

Significance:   Because  of  the  larger  number  of  mast  cells  in 
the  area  postrema,  albeit  in  a  few  species  only,  the  mast  cells 
must  be  considered  to  play  an  important  role  in  the  physiology 
of  the  area  postrema.   On  the  basis  of  these  studies,  only  a  few 
species  can  be  regarded  as  useful  for  further  experimental  work. 

By  the  ability  of  mast  cells  to  dislodge  from  perivascular 
spaces  to  the  fourth  ventricle,  some  of  the  many  biologically 
active  agents  harbored  in  these  cells  can  be  taken  up  by  the 
cerebrospinal  fluid.   Since  the  mast  cells  in  question,  by  their 
pallor,  are  different  from  standard  mast  cells  and  supposedly 
contain  a  reduced  amount  of  heparin,  histamine,  5-hydroxytryp- 
tamine  or  serotonin,  and/or  other  agents,  it  is  uncertain  what 
role  the  migratory  mast  cells  may  play. 

Proposed  Course  of  Project:  To  establish  the  reaction  of 

mast  cells  to  drugs  administered  to  the  animal  by  various  routes 

and  to  ascertain  whether  changes  in  histologic  characteristics 
of  the  area  postrema  take  place. 

Honors  and  Awards :   None 

Publications :   None 
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1.  Neuropathology  &  Neuroanatomical 
Sciences 

2.  Section  on  Experimental  Neuro- 
pathology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1„  1971  through  June  30,  1972 

Project  Title:   Assessment  of  artif actitious  changes  in  central 

nervous  system. 

F*revious  Serial  Number  :  NONE 

Principal  Investigator:  Jan  Cammermeyer ,  M.D. 

Other  Investigators:  None 

Cooperating  Units :  None 

Man  Years 

Total:  1.3 
Professional:  0.3 
Other:         1.0 

Project  Description: 

Objectives :   To  determine  the  origin  of  certain  artifacti- 
tious  changes  in  the  central  nervous  system  and  to  search  for 
methods  to  eliminate  them. 

Methods  Employed:   Animals  used  in  various  experiments  - 
axotomy,  irradiation,  injection  of  different  drugs,  interruption 
of  cerebral  circulation,  swimming  -  and  control  animals  of 
different  ages  have  been  prepared  by  different  methods  of 
fixation . 

Major  Findings:   1)  When  tissues  have  not  been  adequately 
fixed^  neurons  and  glial  nuclei  undergo  non-specific  changes 
which  are  induced  by  post-mortem  trauma. 

2)  Regardless  of  methods  of  fixation,  metachromatic  plaques 
with  non-specific  "demyelination"  occur  ubiquitously,   but 
with  a  tendency  to  accumulate  near  sites  of  post-mortem  trauma. 
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3)  A  number  of  abnormalities  in  stainability  of  tissues  are 
of  uncertain  origin. 

4)  In  radiation  material,  reaction  of  cerebellar  granule  cells, 
referred  to  as  "nuclear  pyknosis,"  is  different  from  degenerative 
changes  of  mitotic  cells  observed  in  regions  with  intense  cellular 
proliferation.   For  the  latter  reaction,  I  have  coined  the  term 
"dysmitosis"  to  distinguish  it  from  ordinary  cell  necrosis. 

Significance:   For  a  correct  appreciation  of  maladies  in 
clinical  neuropathology  and  of  changes  induced  by  experiments, 
as  e.g.  for  study  of  drug  effects,  it  is  necessary  to  have  a 
clear  concept  of  the  specificity  of  tissue  changes  and  to  this 
end  the  characteristics  of  non-specific  or  artif actitious  changes 
must  be  recognized.   A  review  of  personal  material  prepared  under 
known  conditions  has  demonstrated  that  in  a  number  of  publications 
artifactitious  changes  have  been  confused  with  specific  changes. 

Proposed  Course  of  Project:  Completed. 

Honors  and  Awards :   None 

Publications: 

Cammermeyer ,  J.:  Nonspecific  changes  of  the  central  nervous 
system  in  normal  and  experimental  material.   In  Bourne,  G.  H. 
(Ed . ) :  The  Structure  and  Function  of  Nervous  Tissue .   New  York , 
Academic  Press,  1972,  Vol.  B^  in  press . 
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1.  Neuropathology  and  Neuroanatomlcal 
Sciences 

2.  Section  on  Functional  Neuroanatomy 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Organization  of  synaptic  fields  in  the  mammalian  brain 

Previous  Serial  Number:   Same  and  incorporating  Serial  No.  NDS(I)-70 

LNNS/FN  1806 

Principal  Investigator:   Thomas  S.  Reese,  M.D. 

Other  Investigators:   Edward  White,  Ph.D.  and  Randolph  Perkins,  Ph.D. 

Cooperating  Units:   None 

Man  Years 

Total:  2.8 
Professional:  2.6 
Other:        0.2 

Project  Description: 

Objectives:   To  determine  the  types  of  anatomical  and  functional 
relationships  between  synapses  in  the  vertebrate  brain.  We  have  concentrated 
our  efforts,  to  date,  on  the  central  auditory  and  olfactory  pathways. 

Methods  Employed:  Appropriately  prepared  brains  are  examined  by  electron 
transmission  microscopy.   Three  dimensional  reconstructions  based  on 
electronmicroscopical  examination  of  serial  sections  are  correlated  with  the 
results  from  examining  Golgi  impregnated  brains  with  the  light  and  electron- 
microscopes.   Alternatively,  known  sources  of  synaptic  input  are  destroyed 
and  the  degenerated  synapses  mapped  at  appropriate  times  after  making  the 
lesion. 

Major  Findings:  Our  work  has  showed  reciprocal  synapses  between 
dendrites  of  mitral  (multipolar)  and  granule  (axonless)  neurons  in  the 
olfactory  bulb.   These  reciprocal  synapses  are  excitatory  in  a  mitral-to- 
granule  direction  and  inhibitory  in  a  granule-to-mitral  direction.   Recent 
work  in  another  layer  of  the  olfactory  bulb  shows  a  hierarchial  organization 
of  nonreciprocal  as  well  as  reciprocal  synapses.  A  different  form  of 
synaptic  organization  is  found  in  the  brain  stem  auditory  system  where 
different  types  of  synapses  end  on  specific  regions  of  cells  in  the  medial 
superior  olive. 
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Significance:  Much  effort  in  neurological  research  has  been  directed  to 
mapping  the  axonal  tracts  connecting  different  areas  of  cerebral  grey  matter. 
Our  effort  is  directed  toward  understanding  what  occurs  at  the  termination  of 
these  tracts.   We  have  shown  that  in  the  olfactory  bulb  dendritic  synaptic 
interactions  form  a  basis  for  such  phenomena  as  lateral  and  recurrent 
inhibition  or  excitation  whereas  in  the  brain  stem  auditory  system,  the 
principle  of  organization  is  a  rigid  segregation  of  various  types  of  input 
into  specific  regions  of  each  neuron.   Such  knowledge  about  the  types  of 
synaptic  interaction  in  different  regions  of  the  central  neurons  is  helpful 
in  understanding  the  sites  of  action  of  various  neuropharmacological  agents 
on  the  mammalian  brain.   Such  knowledge  of  the  neural  coni.ections  is  also 
a  basis  for  studying  of  "plastic  properties"  of  the  nervous  system,  whereby 
specific  synaptic  connections  are  changed  in  location  and  extent  after 
various  lesions.   The  medial  superior  olive  is  a  favorable  location  for 
studying  such  plastic  properties  of  the  nervous  system. 

Proposed  Course  of  Project:  An  extensive  paper  on  the  medial  accessory 
olive  has  been  prepared  by  Dr.  Perkins  for  submission  to  the  Journal  of 
Comparative  Neurology.   Dr.  White,  who  has  been  awarded  an  NIH  Post  Doctoral 
Fellowship,  will  continue  his  studies  on  the  olfactory  bulb. 

Honors  and  Awards:   None 

Publications: 

White,  E.  W. :   Synaptic  organization  in  the  olfactory  glomerulus  of 
the  mouse.   Brain  Res .  37:  69-80,  1972. 

Reese,  T.  S.  and  Shepherd,  G.  M. :   Dendro-dendritic  synapses  in  the 
central  nervous  system.   In  Pappas,  G.  D.  (Ed.):   Structure  and 
Function  of  Synapses  (In  Press). 
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Serial  No.  NDS(I)-67  LNNS/FN  1442 

1.  Neuropathology  and  Neuroanatomical 
Sciences 

2.  Section  on  Functional  Neuroanatomy 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Permeability  of  cellular  layers  in  the  vertebrate  nervous 

system 

Previous  Serial  Number:   Same 

Principal  Investigator:   Thomas  S.  Reese,  M.D. 

Other  Investigators:   Milton  W.  Brightman,  Ph.D.,  Sachio  Nabeshima,  M.D., 

and  William  Friedel,  M.D. 

Cooperating  Units:   None 

Man  Years 

Total:  1.5 
Professional:  1.2 
Others :       0.3 

Project  Description: 

Objectives:  Determination  of  the  pathways  taken  by  colloids  and  large 
molecular  weight  solutes  to  cross  the  various  cellular  layers  associated 
with  the  nervous  system.   Currently  being  studied  are:   1.  ependyma  covering 
the  median  eminence  and  area  postrema  2.  arachnoid-dural  membrane 
3.  arachnoid  villae   4.  epithelium  and  vessels  of  the  stria  vascularis  in 
the  middle  ear  5.  epineurium,  perineum,  and  vessel  walls  in  peripheral 
(sciatic)  nerve. 

Methods  Employed:  The  cytochemical  method  of  Karnovsky  is  used  to 
localize  purified  horseradish  peroxidase  (MW  40,000)  after  it  is  injected 
into  various  brain  or  blood  compartments  of  living,  anesthetized  mammals. 
The  intercellular  junctions  fronting  these  compartments  are  studied  with  the 
electronmicroscope  by  the  colloidal  lanthanum  or  uranyl  acetate  methods. 
A  new  peroxidase  of  low  molecular  weight  (microperoxidase  MW  1800)  is  now 
being  used. 

Major  Findings:  Peroxidase  injected  into  the  cerebrospinal  fluid  of 
the  subarachnoid  space  in  the  mouse  is  able  to  pass  between  cells  of  the 
pia-arachnoid  layer,  cross  the  basement  lamina  of  the  brain,  and  pass  between 
the  astrocytic  processes  forming  the  limiting  surface  of  the  brain  to  reach 
the  generally  open  interstitial  spaces  of  the  brain.   However,  peroxidase 
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does  not  cross  from  ventricular  cerebrospinal  fluid  into  the  median  eminence 
and  area  postrema.   The  basis  of  this  selective  barrier  is  a  system  of 
"tight"  junctions  within  the  specialized  epithelial  cells  lining  the 
ventricular  surface  over  these  regions.   The  use  of  a  smaller  peroxidase  has 
allowed  it  to  be  visualized  crossing  the  capillary  pores  in  the  median 
eminence  and  area  postrema. 

A  specialized  layer  of  cells  joined  by  tight  junctions  at  the  outer 
border  of  the  arachnoid  also  prevents  peroxidase  from  reaching  the  subdural 
space.   This  year  we  have  given  most  of  our  attention  to  the  arachnoid 
villae  where  this  arachnoid  barrier  layer  becomes  discontinuous  at  its 
apposition  with  the  endothelium  of  the  superior  sagital  sinus.   Study  of 
sinus  endothelium  utilizing  tilt  microscopy  and  serial  sections  has  revealed 
a  system  of  minute  pores  which  are  responsible  for  bulb  drainage  of 
cerebrospinal  fluid.  We  are  now  attempting  to  determine  whether  these  pores 
might  also  be  the  basis  for  the  valvular  action  of  the  arachnoid  villae. 

Another  new  ramification  of  our  studies  is  to  examine  the  meningeal 
barriers  after  acute  infection  with  E  coli;  in  these  cases  the  tight 
junctions  between  barrier  cells  open  and  migration  of  leucocytes  from  the 
dura  to  the  subarachnoid  space  occurs. 

Significance:  We  are  determining  the  permeability  to  a  small  protein  of 
the  various  cellular  layers  associated  with  the  mammalian  nervous  system. 
Our  determinations  are  by  means  of  cytological  techniques  that  show 
specifically  which  components  of  which  layers  are  permeable.   Thus  we  are 
able  to  determine  the  cells  as  well  as  the  probable  mechanisms  that  control 
the  chemical  environment  of  the  brain  (blood-brain  barrier  and  blood- 
cerebrospinal  fluid  barriers)  in  a  normally  functioning  brain.   The  new 
findings  this  year  on  the  arachnoid  villae  give  us  specific  knowledge  about 
the  mechanism  of  and  control  over  drainage  of  cerebrospinal  fluid.  We  are 
beginning  to  use  our  knowledge  of  these  normal  mechanisms  as  a  basis  for 
studying  the  changes  which  occur  in  pathological  conditions  such  as  acute 
infections  of  the  meninges. 

Proposed  Course  of  Project:  The  work  on  the  arachnoid  has  been 
presented  to  the  American  Association  of  Anatomists  and  the  American 
Association  of  Neuropathologists.   Much  of  this  work  is  being  prepared  for 
publication;  some  will  be  incorporated  into  a  Physiological  Review  which 
two  of  the  authors  are  preparing.   Future  work  will  concentrate  on  the 
normal  and  diseased  arachnoid  membrane  and  villae. 

Honors  and  Awards :   None 

Publications:   None 
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1.  Neuropathology  and  Neuroanatomical 
Sciences 

2.  Section  on  Functional  Neuroanatomy 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Structure  and  function  of  close  intercellular  (gap)  junctions 

Previous  Serial  Number:   Same 

Principal  Investigator:   Thomas  S.  Reese,  M.D. 

Other  Investigators:   Milton  W.  Brightman,  Ph.D. 

Cooperating  Units:   None 

Man  Years 

Total:  0.4 
Professional:  0.3 
Other:        0.1 

Project  Description: 

Objectives:  To  study  the  structure  and  distribution  of  gap  junctions 
and  to  show  directly  with  the  electronmicroscope  their  permeability  to 
inter  and  intracellular  tracers. 

Methods  Employed:  Peroxidases  of  various  molecular  weights  are  applied 
to  or  injected  into  cells  joined  by  gap  or  tight  junctions  and  the 
peroxidase  is  subsequently  localized  with  the  electronmicroscope.   We  have 
elected  to  work  on  the  crayfish  because  it  has  giant  nerve  cells  joined  by 
gap  jimctions  which  permit  this  experiment  to  be  done  with  simple  injection 
techniques  and  without  damaging  the  nerve  cells. 

Major  Findings:  During  this  year  we  concentrated  our  efforts  on  two 
peroxidases,  MW  1200  and  MW  42,000,  which  represent  the  extreme  limits  in 
the  range  of  sizes  available  to  us.   We  injected  these  peroxidases  after 
as  well  as  before  fixation  and  found  that  the  gap  junctions  are  impermeable 
to  both  tracers  prior  to  fixation,  but  permeable  after  fixation.   Thus  the 
size  of  the  cell-to-cell  bridges  associated  with  these  gap  junctions  is 
considerably  smaller  in  life  than  was  expected. 

Significance:  Intercellular  electrical  coupling  has  recently  been  shown 
to  be  important  at  a  variety  of  normal  cellular  appositions.   Changes  in 
this  type  of  coupling  appear  to  be  a  component  of  cancerous  changes.   Our 
study  is  an  attempt  to  provide  a  morphological  basis  for  electrical 
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intercellular  coupling  by:   1.   defining  whether  this  communication  occurs 
directly  or  via  the  intercellular  spaces;  2.   defining  what  size  materials 
can  pass  from  one  cell  to  adjacent  cells;  3.   demonstrating  directly  the 
cell-to-cell  channels  that  have  been  thought  to  be  present  within  gap 
junctions =   Our  work  over  the  last  year  has  succeeded  in  putting  an  upper 
limit  on  the  molecular  weight  of  substances  that  can  cross  from  one  cell  to 
another  via  the  gap  junctions  we  have  studied,  and  has  showed  that  these 
channels  either  undergo  rearrangement  of  their  structure  or  are  supplemented 
by  other  channels  during  fixation  for  electronmicroscopy. 

Proposed  Course  of  Project:  Preliminary  results  were  presented  at  the 
annual  meeting  of  the  American  Association  of  Anatomists  in  April,  1971  and 
will  be  presented  at  the  Federation  Meetings .  A  few  additional  experiments 
are  needed  to  complete  our  results. 

i  onors  and  Awards :   None 

Publications:   None 
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1.  Neuropathology  and  Neuroanatomical 
Sciences 

2.  Section  on  Functional  Neuroanatomy 

3.  Bethesda,    Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Transynaptic  degeneration  in  the  medial  superior  olivary 
nucleus 

During  FY  1972  this  project  was  incorporated  with  Serial  No.  NDS(I)-65 
LNNS/FN  1231 
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1.  Neuropathology  and  Neuroanatomical 
Sciences 

2.  Section  on  Functional  Neuroanatomy 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:   Structural  basis  of  synaptic  transmission 

Previous  Serial  Number:   Same 

Principal  Investigator:   John  Heuser,  M.D. 

Other  Investigators:   Thomas  S.  Reese,  M.D.  and  Maryanna  Henkart,  Ph.D. 

Cooperating  Units:   None 

Man  Years 

Total:  3.0 
Professional:  2.6 
Other:        0.4 

Project  Description: 

Objectives:   (1)  To  determine  the  structural  changes  which  accompany 
physiological  changes  at  nerve-muscle  synapses.   (2)  To  determine  the 
structural  features  of  membranes  characteristic  of  areas  with  pharma- 
cological receptors. 

Methods  Employed:   (1)  Frog  sartorius  nerve-muscle  preparations  are 
exposed  to  altered  ionic  environments  or  stimulated  with  various  programs, 
and  their  responses  are  monitored  by  standard  electrophysiological  means 
until  they  reach  a  desired  functional  state.   Then  they  are  immediately 
fixed  and  prepared  for  examination  with  the  electron  microscope.   Similar 
experiments  are  performed  in  solutions  containing  horseradish  peroxidase 
and  the  horseradish  peroxidase  subsequently  localized  with  the  electron 
microscope.   (2)  Muscle  cells  in  tissue  culture  are  examined  with  the 
electron  microscope  after  mapping  acetylcholinesterase  sensitive  sites  with 
a  micropipette  (done  by  G.  Fischbach,  NICHD) . 

Major  Findings:   The  traditional  fine-structural  appearance  of  the 
synapse  represents  a  resting  or  equilibrium  state.   With  intense  electrical 
stimulation  and  transmitter  release  approaching  exhaustion  the  intracellular 
organelles  of  the  presynaptic  terminal  undergo  well-defined,  reversible 
changes.   These  include  mitochondrial  swelling  and  migration  to  new  regions, 
depletion  of  synaptic  vesicles  with  coincident  enlargement  of  the  presynaptic 
membrane  surface,  and  finally  formation  of  coated  vesicles  and 
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Golgi-apparatus-like  bodies,  apparently  as  intermediate  stages  in  the  re- 
cycling of  membrane  back  into  synaptic  vesicles. 

When  similar  experiments  are  done  in  solutions  containing  horseradish 
peroxidase,  the  tracer  progressively  fills  various  membrane  forms  inside  the 
synapse,  thus  tracing  directly  the  recycling  of  membrane  from  coated  vesicles 
to  synaptic  vesicles  and  back  to  surface  membrane  concomitant  with  transmitter 
release. 

Sites  of  acetylcholine  sensitivity  appear  to  be  correlated  with  increased 
folding  of  the  surface  membrane  and  changes  in  the  detailed  features  of  the 
membrane  itself. 

Significance:  This  work  contributes  to  an  understanding  of  the  role  of 
membranes  in  the  storage  and  release  of  transmitter  at  synapses  and  shows 
that  the  mechanism  for  release  of  neurotransmitters  is  similar  to  that 
employed  for  release  of  glandular  secretions.   Also  this  work  helps  to 
broaden  the  general  anatomical  criteria  for  identifying  synapses,  thereby 
aiding  future  attempts  to  define  the  existence  and  location  of  functional 
contacts  in  the  CNS,  and  most  important,  permitting  attempts  to  define  their 
physiological  state.   The  work  on  cultured  muscle  cells  is  forming  a  basis 
to  attempt  a  definition  of  pharmacological  receptor  sites  employing  labeled 
toxins.   Changes  in  deployment  of  receptors  which  follow  section  of  a  nerve 
could  then  be  defined  and  receptors  in  the  mammalian  nervous  system 
localized. 

Proposed  Course  of  Project;  The  work  on  transmitter  release  has  been 
completed  and  presented  at  several  scientific  meetings.   A  manuscript  has 
been  prepared  for  submission  to  the  Journal  of  Cell  Biology.   Future  work 
on  this  problem  will  determine  whether  other  types  of  synapses,  such  as 
peripheral  autonomic  or  those  in  the  central  nervous  system,  release 
transmitter  and  recover  membrane  in  the  same  manner  as  the  nerve-muscle 
synapses.   The  work  on  identifying  receptors  in  tissue  culture  cells  will  be 
pursued  during  the  next  year. 

Honors  and  Awards :   None 

Publications:   None 
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1.  Neuropathology  and  Neuroanatomical 
Sciences 

2.  Section  on  Neurocytobiology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Chemical  changes  in  brain  of  transplacentally 

methylazoxymethanol  (MAM)  induced  microencephaly  in  rats 

Previous  Serial  Number:   Same 

Principal  Investigator:   Maria  Spatz,  M.D. 

Other  Investigators:   Gert  L.  Laqueur,  M.D. 

Grazyna  Szumanska,  Ph.D. 

Cooperating  Units:   Laboratory  of  Experimental  Pathology,  NIAMD 

Man  Years: 

Total:  1.7 
Professional:  1.0 
Other:  .7 

Project  Description: 

Objectives :   Recent  studies  concerned  with  the  chemical  composition  of 
MAM  induced  microencephaly  had  shown  low  concentration  of  brain  lipids  and 
phospholipids  on  wet  and  dry  basis  when  these  values  were  compared  with  the 
one  obtained  from  control  rats.   The  present  histochemical  investigation  was 
undertaken  to  demonstrate  the  possible  deficient  sites  of  lipids  and  phospho- 
lipids and  correlate  their  presence  or  absence  with  myelin  formations  in 
microencephalic  brains. 

Methods  Employed:   The  microencephaly  was  induced  by  a  single  intra- 
peritoneal injection  of  20  mg/kg  of  MAMA  on  the  15th  day  of  gestation.   The 
control  animals  were  treated  similarly  but  received  saline  instead  of  MAMA. 
The  control  and  experimental  offsprings  were  sacrificed  at  time  intervals 
between  7-270  days  of  age.   In  each  age  group  three  to  five  brains  were  cut 
serially  and  stained  with  Nile  Blue  for  phospholipids  and  with  Suddan  BE  for 
lipids  and  myelin  localization.   In  addition  myelin  was  demonstrated  with 
Luxol  Fast  Blue  and  Spielmayer's  Iron  Hemotoxylin. 

Major  Findings:   In  microencephaly,  a  diminished  amount  of  cerebral 
phospholipids  and  lipids  was  observed  in  all  stages  of  development.   The  most 
striking  differences  between  the  experimental  and  control  brains  were  seen  in 
experimental  cortex  and  white  matter  where  individual  or  clusters  of  cells 
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show  little  or  no  staining  affinity  for  Nile  Blue.   Furthermore,  a  quantita- 
tive and  qualitative  disturbance  of  myelin  formation  was  evident  by  the 
presence  of  fewer,  thinner  and  incompletely  myelinated  fibers  and/or  bundles 
in  the  cerebral  cortex,  hypocampus ,  diencephalon,  medulla  oblongata  and 
metencephalon  in  microencephalic  when  compared  with  corresponding  control 
brain  regions  of  the  same  age  group. 

This  process  was  irreversible  as  indicated  (1)  by  previous  findings 
showing  low  concentration  of  lipids  and  phospholipids  in  the  brain  biochem- 
ically and  (2)  by  similar  observations  demonstrated  histochemically  throughout 
the  entire  period  of  study. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Upon  completion  of  these  studies,  one  might  be  able  to  determine  whether  MAM 
has  a  primary  and/or  secondary  effect  on  myelin  formation.   In  any  case, 
these  investigations  might  be  helpful  in  understanding  of  some  neurological 
conditions  in  which  (1)  abnormal  synthesis  or  (2)  degeneration  of  myelin  takes 
place.   Therefore,  this  or  a  similar  model  system  will  be  useful  for  compara- 
tive studies  of  abnormal  myelin  formation  observed  in  (1)  malnutrition  and 
(2)  help  in  elucidating  demyelinizing  processes  which  may  play  a  role  for 
example  in  multiple  sclerosis. 

Proposed  Course  of  Project:   Future  investigations  of  MAM  microtoxicity 
should  be  concerned  with  evaluating  the  possible  direct  effect  of  MAM  on 
(1)  myelin  synthesis:  (a)  in  vivo,  (b)  in  vitro,  and  (2)  testing  of  MAM  effect 
on  chromosomes  in  fetal  brain  in  vitro. 

Honors  and  Awards :   None 

Publications : 

Matsumoto,  H. ,  Spatz ,  M. ,  and  Laqueur ,  G.  L. :   Quantitative  changes  with 
age  in  the  DNA  content  of  methylazoxymethanol- induced  microencephalic 
rat  brain.   J.  Neurochem.  19:   297-306,  1972. 
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1.  Neuropathology  and  Neuroanatomical 
Sciences 

2.  Section  on  Neurocytobiology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Glucose  brain  uptake  following  osmotic  blood-brain  barrier 
(BBB)  injury 

Previous  Serial  Number:   Same  i 

Principal  Investigator:   Maria  Spatz,  M.D. 

Other  Investigators:   Igor  Klatzo,  M.D. 

Zbigniew  M.  Rap,  M.D. 
Stanley  I.  Rapoport,  M.D. 

Cooperating  Units:   Laboratory  of  Neurophysiology,  NIMH 

Man  Years : 


Total: 

1.7 

Professional: 

1.0 

Other: 

.7 

Project  Description: 

Objectives:   Topical  or  intracarotid  administration  of  hypertonic 
solutions  causes  transient  breakdown  of  blood-brain  barrier  (BBB).   In  this 
type  of  injury,  the  BBB  is  permeable  to  Evans  Blue  which  is  found  to  be 
extravasated  in  the  affected  region  of  the  brain  (Rapoport,  S.  I.,  Hori,  M. , 
and  Klatzo,  I. :   Reversible  osmotic  opening  of  the  blood-brain  barrier. 
Science  173:   1026-1028,  1971). 

This  investigation  was  undertaken  to  evaluate  some  metabolic  aspects 
of  the  osmotic  breakdown  of  BBB  by  studying  the  brain  uptake  of  glucose. 

Methods  Employed:   Rabbits  were  used  in  this  model  of  BBB  injury.   Intra- 
carotid cannula  was  Inserted  in  one  of  the  common  carotid  arteries,  the 
branches  of  external  and  internal  carotic  were  ligated  in  such  a  way  that 
most  of  the  injected  substances  were  diverted  to  the  internal  carotic  artery. 

Double  isotope  technic  of  Oldendorf  was  applied  by  injecting  a  mixture 
of  -'HoO  and  -'-^C  2-deoxy-D-glucose  with  and  without  cold  2-deoxy-D-glucose  ten 
minutes  after  damaging  the  BBB  with  intracarotic  urea  perfusion.   The  rabbits 
were  sacrificed  by  decapitation  15  seconds  later.   Two  brain  samples  were 
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taken  from  each  tempore- lateral  region,  homogenized,  weighed  and  solubilized 
for  radioisotope  counting  in  liquid  scintillation  counter. 

The  radioisotope  method  applied  in  these  experiments  measures  differen- 
tial brain  uptake  of  tracers  using  tritiated  water  as  reference  with  which 
the  -"-^C  test  substance  is  compared.   The  brain  uptake  index  was  calculated  per 
100  mg  of  brain  tissue. 

BUI  =  Tissue  l^C  /  Tissue  3h ^  2_0Q 

Injected  Mixture  l^C  /  Injected  Mixture  3h 

Major  Findings:   These  studies  revealed  an  increased  brain  uptake  index 
for  glucose  following  the  BBB  injury.   The  BUI  for  2-deoxy-D-glucose/lOO  mg 
tissue  was  49.29  ±  2.08  S.  E.  IC  minutes  after  intracarotic  perfusion  of 
Ringer  solution  (9  animals)  while  in  the  urea-treated  rabbits  the  BUI  was 
found  to  be  73.65  ±  2.46  S.  E.  (9  animals).   In  both  normal  and  experimental 
rabbits,  self-inhibition  of  2-deoxy-D-glucose  brain  uptake  was  demonstrated 
when  unlabeled  2-deoxy-D-glucose  in  various  concentrations  was  injected  with 
-'-^C  labeled  2-deoxy-D-glucose.   The  competitive  inhibition  of  glucose  uptake 
suggests  that  hyperosmotic  urea  produces  an  increase  in  facilitated  glucose 
transport  rather  than  passive  diffusion  of  glucose  from  blood  to  brain. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
The  basic  understanding  of  blood-brain  barrier  (BBB)  function  in  various 
pathological  conditions  might  (1)  help  to  elucidate  the  pathogenesis  of  many 
neurological  disorders;  and  (2)  offer  a  possibility  to  select  the  best 
therapeutic  approach  to  a  given  disease.   These  investigations  will  serve  also 
as  model  systems  for  the  study  of  human  brain  function  in  health  and  disease. 

Proposed  Course  of  Project:   The  study  of  glucose  brain  uptake  following 
hyperosmotic  BBB  injury  are  still  in  progress.   Many  data  have  been  collected 
and  additional  experiments  are  required  to  complete  the  evaluation  of  the 
sugar  transport  following  BBB  breakdown.   In  order  to  clarify  several  aspects 
of  glucose  transport  from  blood-brain,  the  future  investigation  will  be 
concerned  (la)  to  eliminate  the  possible  metabolic  effect  of  glucose  by  using 
nonmetabolizing  hexose  with  and  without  glucose  inhibition;  and  (lb)  to 
differentiate  the  facilitated  from  passive  transfer  of  sugars  by  studying  the 
BUI  of  sugar  which  is  passively  diffused  through  the  BBB.   (2)   This  model 
system  will  be  useful  in  studying  the  function  of  BBB  in  several  pathological 
conditions  such  as  anoxia,  hypoxia,  cerebral  vascular  occlusion  and  chemical 
poisoning  of  the  brain. 

Honors  and  Awards :   None 

Publications:   None 
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1.  Neuropathology  and  Neuroanatomical 
Sciences 

2.  Section  on  Neurocytology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Pinocytosis  in  the  brains  of  dead  rats 

Previous  Serial  Number:   Same 

Principal  Investigator:   Milton  W.  Brightman 

Other  Investigators:   None 

Cooperating  Units:   None 

This  project  is  being  held  in  abeyance  as  the  work  will  have  to  be 
reinvestigated  with  new  staining  techniques  and  a  new  marker  (Peroxidase) . 
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1.  Neuropathology  and  Neuroanatoniical 
Sciences 

2.  Section  on  Neurocytology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   The  intracerebral  movement  of  proteins  injected  into  the 
blood  and  cerebrospinal  fluid  of  rodents 

Previous  Serial  Number:   Same 

Principal  Investigator:   Milton  W.  Brightman,  Ph.D. 

Other  Investigators:   Thomas  S.  Reese,  M.D.,  Masaharu  Hori,  M.D., 

Stanley  Rapoport,  M.D.,  and  Igor  Klatzo,  M.D. 

Cooperating  Units:   Laboratory  of  Neurophysiology,  NIMH 

Man  Years 

Total:  0.9 
Professional:  0.6 
Others:        0.3 

Project  Description: 

Objectives:   To  ascertain  the  effects  of  hypertonic  salt  solutions  on 
the  blood-brain  barrier  to  peroxidase. 

Methods  Employed:  Hypertonic  (3.0  M)  solutions  of  urea  are  applied 
topically  to  the  cerebral  cortex  of  rabbits  or  injected  into  the  carotid 
artery.   Trypan  blue  and  horseradish  peroxidase  (HRP)  are  injected  into  the 
peripheral  circulation  just  before  the  urea  is  administered. 

Major  Findings:   The  blood-brain  barrier  to  trypan-blue-protein  and 
to  HRP  is  broken  by  a  slight  separation  of  endothelial  junctions  in  cerebral 
blood  vessels. 

Significance:  Since  there  is  no  injury  to  the  endothelium  and  only  the 
junctions  are  affected  reversibly,  this  procedure  may  be  an  efficacious 
means  of  bringing  therapeutic  drugs  to  nerve  tissue  that  is  otherwise 
isolated  from  the  bloodstream. 

Proposed  Course  of  Project:   To  finish  the  electronmicroscopy  and 
prepare  for  publication. 

Honors  and  Awards :   None 

Publications:   None 
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1.  Neuropathology  and  Neuroanatomical 
Sciences 

2.  Section  on  Neurocytology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   A  blood-brain-barrier  to  peroxidase  in  the  normal  and 
injured  brain  of  elasmobranchs 

Previous  Serial  Number:   Same 

Principal  Investigator:   Milton  W.  Brightman,  Ph.D. 

Other  Investigators:   Thomas  S.  Reese,  M.D.,  Lise  Prescott,  M.D.  and 

Igor  Klatzo,  M.D. 

Cooperating  Units:   None 

Man  Years 

Total:  0.2 
Professional:  0.1 
Other:         0.1 

Project  Description: 

Objectives:  The  results  of  the  first  phase  have  been  completed  and 
published,  but  it  now  must  be  made  certain  that  the  perivascular  glia  is  the 
barrier  by  perfusing  peroxidase  retrogradely,  i.e.  from  the  cerebral  ventricle. 

Methods  Employed:  Exogenous  horseradish  peroxidase  (HRP)  is  to  be 
perfused  ventricuilo-cisternally  in  sharks  and  dogfish  and  its  cytological 
distribution  ascertained  electronmicroscopically . 

Major  Findings:  In  two  poorly-fixed  specimens,  HRP  reached  the  peri- 
vascular basement  membrane  from  the  cerebral  ventricles. 

Significance:  If  HRP  reaches  the  basement  membrane  in  well-fixed 
specimens,  then  the  glial  junctions  are  not  barriers  after  all,  or  are 
one-way  valve-like  barriers,  or  the  basement-membrane  is  the  barrier. 

Proposed  Course  of  Project:  To  procure  healthy  specimens  and  repeat  the 
ventricular  perfusions  to  determine  the  differential  roles  of  basement 
membrane  and  glial  junctions  as  extracellular  barriers  to  protein  passage. 

Honors  and  Awards :   None 

Publications:   None.  "" 
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1.  Neuropathology  and  Neuroanatomical 
Sciences 

2.  Section  on  Neurocytology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Distribution  of  exogenous  proteins  in  brain  tumors 

Previous  Serial  Number:   Same 

Principal  Investigator:   Milton  W.  Brightman,  Ph.D. 

Other  Investigators:   L.  Prescott,  M.D.,  T.  S.  Reese,  M.D.,  N.  Vick,  M.D., 

and  D.  Bigner,  M.D. 

Cooperating  Units:   Medical  Neurology  Branch,  NINDS 

Man  Years 

Total:  1.4 
Professional:  1.1 
Others :        0.3 

Project  Description 

Objectives:   To  determine  differences  in  permeability  of  the  endothelium 
in  neoplasms  to  peroxidase  and  the  availability  of  the  extracellular  spaces 
(ecs)  of  the  tumors  to  this  protein. 

Methods  Employed:  Rous  sarcoma  virus  (RSV)  or  Simian  virus  40  (SV^q)  are 
inoculated  into  the  brains  of  newborn  hamsters  and,  after  the  appearance  of 
ataxia,  circling  or  somnolence,  peroxidase  is  injected  intravascularly  and 
the  fixed  tumor  examined  electronmicroscopically . 

Major  Findings:  Exogenous  peroxidase  rapidly  crosses  the  endothelium  in 
both  RSV  and  SV^q  tumors.   The  route  taken  in  the  RSV  tumors  is  still 
uncertain.   In  the  SV40  neoplasma,  most  of  the  tumor  vessels  are  fenestrated 
and  have  patent  junctions  through  which  the  protein  moves  into  the  tumor 
extracellular  spaces. 

Significance:  In  the  SV^q  tumor,  the  fenestrae  and  open  endothelial 
junctions  are  responsible  for  the  absence  of  a  blood-brain  barrier  to  protein. 

Proposed  Course:   To  obtain  more  SV^g  specimens  as  controls  for 
endogenous  peroxidatic  activity  so  as  to  complete  this  study;  to  examine  the 
RSV  material  with  a  tilt  stage  in  order  to  resolve  whether  the  endothelial 
jimctions  have  a  narrow  but  patent  gap. 
Honors  and  Awards:   None 

Publications:   None 
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1.  Neuropathology  and  Neuroanatomical 
Sciences 

2.  Section  on  Neurocytology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   A  reinvestigation  of  central  nervous  system  fine  structure 
with  freeze-replication  techniques 

Previous  Serial  Number:   Same 

Principal  Investigator:   Milton  W.  Brightman,  Ph.D. 

Other  Investigators:  Thomas  S.  Reese,  M.D. 

Cooperating  Units:   None 

This  project  is  being  held  in  abeyance. 
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1.  Neuropathology  and  Neuroanatomical 
Sciences 

2.  Section  on  Neurocytology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   The  effect  of  biogenic  amines  on  blood-brain  barrier  to 
peroxidase 

Previous  Serial  Number:   None 

Principal  Investigator:   Erik  Westergaard,  M.D. 

Other  Investigators:   Milton  W.  Brightman,  Ph.D. 

Cooperating  Units:   None 

Man  Years 

Total:  1,5 
Professional:  1,2 
Others:        0.3 

Project  Description: 

Objectives:  To  determine  the  effect  of  biogenic  amines  on  the 
permeability  of  cerebral  vessels  to  exogenous  peroxidase. 

Methods  Employed:  Intravascular  injection  of  horseradish  peroxidase 
(HRP)  followed  by  ventriculocistemal  perfusion  of  amines  and  electron- 
microscopic  evaluation  of  HRP  distribution. 

Major  Findings:  Cytologically,  HRP  passed  between  the  tight  junctions 
of  major  subependymal  vessels  into  the  perivascular  basement  membrane  and 
extracellular  clefts  of  the  adjacent  neuropil.   Similar  experiments  with 
large  amounts  of  histamine  did  not  open  the  endothelial  junctions. 

Significance:  Serotonin  and,  perhaps,  other  biogenic  amines  has  a 
consistent  effect  on  the  blood-brain  barrier,  an  effect  which  should  be 
considered  during  administration  of  their  precursors. 

Proposed  Course  of  Project:  To  block  this  effect  with  serotonin 
antagonists  and  to  compare  the  results  with  other  amines. 

Honors  and  Awards :   None 

Publications:   None 
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1.  Neuropathology  and  Neuroanatomical 
Sciences 

2.  Section  on  Nerve  Regeneration 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Trophic  functions  of  the  peripheral  nervous  system 

Previous  Serial  Number:   NDS(I)-63  LNNS/TNF  1054 

Principal  Investigator:   Lloyd  Guth,  M.D. 

Other  Investigators:   R.  Wayne  Albers,  Ph.D.,  Dou  Huey  Jean,  Ph.D.  and 

Jay  B.  Wells,  M.D. 

Cooperating  Units:   Laboratory  of  Neurochemistry,  NINDS 

Medical  Neurology  Branch,  NINDS 

Man  Years 

Total:  1.7 
Professional:  l.O 
Other:        0.7 

Project  Description: 

Objectives :   To  investigate  neurogenic  and  myogenic  factors  regulating 
muscle  metabolism. 

Methods  Employed:   The  following  operations  were  performed  on  adult  rats: 
(1)  Poisoning  of  the  sternomastoid  muscle  with  botulinum  toxin.   (2)  Excision 
of  the  synergists  of  the  soleus  or  plantaris  muscles.   (3)  Denervation  of 
the  antagonists  of  the  soleus  muscle  by  transection  of  the  common  peroneal 
nerve.  The   muscles  were  subsequently  studied  histochemically  for  myofibril- 
lar ATPase  and  quantitatively  for  cholinesterase  and  actomyosin  ATPase 
activities.   (4)  Muscles  of  rats  from  birth  to  4  weeks  of  age  were  studied 
histochemically  for  myofibrillar  ATPase  and  quantitatively  for  actomyosin 
ATPase  activity. 

Major  Findings:  (1)  Botulinum  poisoning  produces  significantly  less 
decrease  in  junctional  cholinesterase  than  does  denervation.   (2)  Excision 
of  the  synergists  of  the  soleus  or  plantaris  results  in  a  decrease  in  the 
proportion  of  muscle  fibers  having  high  ATPase  activity.   (3)  Inactivation 
of  the  antagonists  of  the  soleus  muscle  causes  the  muscle  to  develop  an 
increased  proportion  of  high  ATPase  fibers.   Concommitantly  the  muscle 
becomes  faster,  showing  increased  isotonic  speed  of  shortening,  increased 
rate  of  tension  development  (isometric)  and  shorter  contraction  time 
(isometric  twitch  time) .   (4)  Although  the  muscle  fibers  of  newborn  and • 
young  rats  stain  dark  by  the  histochemical  ATPase  procedure,  they  have  a 
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very  low  ATPase  activity  (as  determined  quantitatively) . 

Significance:  (1)  Drachman  has  argued  that  since  botulinum  toxin 
prevents  the  release  of  acetylcholine  and  mimics  every  known  effect  of  de- 
nervation, there  can  be  no  trophic  effect  of  nerves  other  than  that  mediated 
by  acetylcholine  release.   The  present  result,  that  botulinum  poisoning  does 
not  mimic  the  effect  of  denervation  on  junctional  cholinesterase  activity 
renders  this  interpretation  untenable  and  requires  us  to  consider  some 
mechanism  other  than  ACh  release  to  account  for  the  neural  regulation  of 
cholinesterase  activity.   (2,3)   It  was  previously  thought  that  the 
actomyosin  ATPase  activity  of  muscle  fibers  is  a  very  stable  property  of  the 
muscle  that  can  be  altered  only  by  changing  the  nerve  supply  (cross-reinnerva- 
tion  experiments) .   This  assumption  has  been  fundamental  to  many  experiments 
dealing  with  the  neurotrophic  concept.   However,  we  have  found  that  the 
ATPase  activity  of  muscle  fibers  and  speed  of  contraction  of  a  muscle  can  be 
altered  without  alteration  of  the  peripheral  innervation.   Apparently  some 
effect  of  exercise,  tension  development,  or  stretching  is  responsible.   It 
now  becomes  necessary  to  reevaluate  the  evidence  for  the  neurotrophic  concept; 
perhaps  it  is  less  compelling  than  was  heretofore  thought.   (4)  the  histo- 
chemical  procedure  for  myofibrillar  ATPase  was  thought  to  be  an  accurate 
reflection  of  the  actomyosin  ATPase  activity  of  the  muscle  fiber.   However, 
muscles  of  newborn  animals  are  slowly-contracting  and  have  low  actomyosin 
ATPase  activity,  yet  they  stain  very  intensely  by  the  myofibrillar  ATPase 
histochemical  procedure.   It  becomes  clear  that  erroneous  interpretations 
may  result  when  the  histochemical  procedure  is  interpreted  as  reflecting 
either  the  actomyosin  ATPase  activity  or  the  speed  of  contraction  of  a 
muscle  fiber.   Unfortunately,  the  scientific  literature  is  replete  with  such 
interpretations,  all  of  which  must  now  be  reevaluated. 

Proposed  Course  of  Project:  To  be  continued  during  the  coming  year. 

Honors  and  Awards :   None 

Publications: 

Guth,  L.  and  Windle,  W.F.:  The  enigma  of  dentral  nervous  regeneration. 
Exp.  Neurol.  28:  Suppl.  5,  1-43,  1971. 

Guth,  L.  ,  Dem.psey,  P.  J.,  and  Cooper,  T.  :   Maintenance  of  neuro- 
trophically  regulated  proteins  in  denervated  skeletal  and  cardiac 
muscle.  E^2_.   Neurol.  32:  478-488,  1971. 

Guth,  L.:  Degeneration  and  regeneration  of  taste  buds.  In  Beidler,  L. 
(Ed.):  Handbook  of  Sensory  Physiology.  Berlin,  Springer-Verlag,  1971, 
(Vol.  IV),  pp.  63-74. 
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1.  Neuropathology  and  Neuroanatomical 
Sciences 

2.  Section  on  Nerve  Regeneration 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Histo-  and  biochemical  characteristics  of  muscle  sensori  - 
motor  components 

Previous  Serial  Number:   NDS(I)-66  LNNS/TNF  1303 

Principal  Investigator:   Herbert  Yellin,  Ph.D. 

Other  Investigators:   None 

Cooperating  Units:   None 

Man  Years 

Total:  1.3 
Professional:  1.0 
Other:         0.3 

Project  Description 

Objectives: 

1.  To  become  more  discriminating  in  the  enzyme  histochemical 
characterization  of  individual  skeletal  muscle  units,  and  to  discern  neuro- 
regulatory  and  other  factors  affecting  skeletal  muscle  metabolism. 

2.  Fabricate,  via  surgical  intervention,  a  hybrid  "tonico-phasic" 
skeletal  muscle  (e.g.,  half  soleus  -  half  plantaris) . 

Major  Findings: 

1.  There  are  qualitative  as  well  as  quantitative  differences  in  the 
enzyme  histochemical  profiles  of  muscle  units  of  functionally  disparate 
muscles  in  the  same  animal. 

2.  Reciprocal  as  well  as  direct  influences  of  innervation  and  functional 
environment  may  be  evident  in  one  or  both  of  the  components  of  the  "tonico- 
phasic"  hybrid  muscle. 

Significance: 

1.   A  more  precise  characterization  of  the  metabolically  (and 
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functionally)  different  muscle  units  of  individual  muscles  can  be  achieved 
and  used  to  distinguish  changes  from  the  normal  induced  by  experimental  or 
disease  processes.   In  conjunction  with  an  appreciation  of  the  factors 
commonly  responsible  for  directing  the  metabolism  of  muscle  units  (i.e., 
innervation,  functional  environment,  hormones  and  myogenic  factors)  such  an 
extended  characterization  of  muscles  may  help  in  the  more  precise  definition 
of  those  factors  (neurogenic,  myogenic  and  otherwise)  that  contribute  to  the 
alterations  inherent  in  neuromuscular  disorders. 

Proposed  Course  of  Project:   These  studies  will  continue  as  a  major 
portion  of  the  coming  year's  work. 

Honors  and  Awards :   None 

Publications: 

Guth,  L.  and  Yellin,  H.:   The  dynamic  nature  of  the  so-called 

"fiber  types"  of  mammalian  skeletal  muscle.   Exp.  Neurol.  31:  277-300, 

1971. 
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Serial  No.  NDS(I)-68  LNNS/NR  1586 

1.  Neuropathology  and  Neuroanatomical 
Sciences 

2.  Section  on  Nerve  Regeneration 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:   Trophic  nerve  function,  neuroimmunological  aspects 

Previous  Serial  Number:   NDS(I)-68  LNNS/TNF  1586 

Principal  Investigator:   Andrew  A.  Zalewski,  M.D. 

Other  Investigators:   None 

Cooperating  Units:   None 

Man  Years 

Total:  2.0 
Professional:  1.0 
Others:        1.0 

Project  Description: 

Objectives;   Previous  studies  showed  that  some  neurons  in  homografts  of 
peripheral  ganglia  survived  transplantation.  A  cellular  reaction  was  present 
in  these  ganglia  but  more  evidence  was  needed  to  demonstrate  that  this  was 
an  immunological  response.   Consequently,  autografts,  homografts,  and 
heterografts  of  sensory  and  sympathetic  ganglia  were  made  so  that  the  cellular 
reaction  directed  to  these  grafts  could  be  characterized.   Importantly, 
animals  of  known  genotypes  were  used  so  that  the  effect  of  tissue  histo- 
compatibility and  histoincompatibility  could  be  determined. 

Methods  Employed:   Autografts,  homografts,  and  heterografts  (guinea  pig) 
of  sensory  (vagal  nodose)  and  sympathetic  (superior  cervical)  were  placed 
alone  or  in  combinations  into  the  anterior  chamber  of  rat's  eyes  or  into 
sternomastoid  mastoids.   The  grafts  were  examined  1  through  6  weeks  later 
for  the  presence  of  neurons  and  a  cellular  reaction.  Also  grafts  which  were 
compatible  or  incompatible  (homozygously  or  heterozygously)  at  the  major 
histocompatibility  locus  of  the  rat  (i.e.,  the  Ag-B  locus)  were  studied  to 
see  if  tissue  typing  influenced  neuron  survival. 

Major  Findings:  Neurons,  whether  in  grafts  in  the  anterior  chamber  of 
the  eye  or  in  muscle  or  whether  in  ganglia  transplanted  alone  or  in 
combination  (e.g.  autograft  and  homograft  to  the  same  eye)  were: 

(1)  present  in  autografts  and  no  cellular  reaction  occurred 

(2)  present  in  homografts  and  infiltrated  by  lymphocytic  cells 
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(3)  absent  in  heterograf ts  and  infiltrated  by  lymphocytic  cells 
When  the  influence  of  the  Ag-B  histocompatibility  locus  was  determined  it 
was  found  that  in  homografts 

(1)  neurons  survived  in  histocompatible  grafts  and  were  infiltrated  by 
lymphocytic  cells 

(2)  neurons  were  rejected  in  histoincompatible  grafts  and  infiltrated 
by  Ijnnphocytic  cells 

(3)  neurons  were  variably  present  in  Ag-B  hybrid  grafts  (animals  with 
genes  Ag-B  compatible  on  one  chromosome  and  Ag-B  incompatible  on  the 
other)  and  infiltrated  by  lymphocytic  cells 

Significance:   The  results  show  that  neurons  can  survive  transplantation 
even  when  in  homografts  they  are  involved  in  an  immune  response.   Neuron 
survival  in  homografts  is  dependent,  however,  on  the  graft  being 
histocompatible.   It  is  clear  that  the  cellular  reaction  found  in  homografts 
and  heterografts  is  an  immune  reaction  because  two  fundamental  hallmarks 
of  an  immune  reaction  were  demonstrated  (1)  specificity  of  reaction  -  when 
combined  autograft  and  heterograf t  was  made  only  the  heterograf t  was 
rejected.   (2)  Systemic  nature  of  reaction  -  neuron  survival  and  cellular 
infiltration  was  the  same  whether  grafts  were  made  into  the  eye  or  muscle. 

The  prospective  significance  of  these  studies  is  that  neurons  in 
homografts  (i.e.,  transplanted  from  one  individual  to  another)  might  be  used 
clinically  in  patients  in  which  disease  resulted  in  neuron  death.   Such 
transplantation,  however,  would  have  to  await  results  of  experiments  which 
clearly  show: 

(1)  homografted  neurons  can  regenerate  nerve  fibers  and  functionally 
innervate  end-organs 

(2)  homografted  neurons  enjoy  prolonged  survival 

(3)  immunosuppressive  agents,  which  probably  will  be  needed  to  accomplish 
(2) ,  do  not  in  themselves  affect  grafted  neuron  survival,  nerve 
growth  or  function 

(4)  similar  positive  findings  with  central  nervous  system  neurons 

Proposed  Course  of  Project: 

(1)  Transplant  ganglia  homografts  to  demonstrate  nerve  growth  and  function 
(e.g.,  transplant  gustatory  ganglia  and  tongue  to  see  if  nerve  fibers 
grow  into  the  tongue  and  induce  taste  bud  regeneration) 

(2)  Evaluate  immunosuppressive  agents  (antilymphocytic  serum,  drugs 
(Cytoxan)?  and  tolerance  induction) 

(3)  Transplant  central  nervous  system  neurons  to  investigate  immunological 
response 
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ANNUAL  REPORT 
July  1,  1971  through  June  30,  1972 
Laboratory  of  Neural  Control,  Intramiiral  Research 
National  Institute  of  Neurological  Diseases  and  Stroke 

Karl  Frank,  Ph.D.,  Chief 


The  proposal  for  the  establishment  of  the  Laboratory  of 
Neural  Control  was  approved  on  September  28,  1967.   Actual  work 
began  in  Building  36  in  1968.   The  mandate  of  the  Laboratory, 
then  and  now,  called  for  a  combination  of  basic  and  applied 
research  in  the  fields  of  neurophysiology,  engineering,  mathe- 
matics and  computer  techniques,  with  the  objectives  of:   (1) 
utilizing  information  derived  from  the  nervous  system  for  the 
purpose  of  controlling  external  devices;  (2)  thie  development  of 
techniques  for  delivering  patterns  of  stimuli  to  the  nervous 
system  for  the  purpose  of  controlling  its  activity  in  some  de- 
sired fashion;  and  (3)  the  study  of  the  basic  mechanisms 
operating  in  the  central  nervous  system  leading  to  the  control 
of  motor  behavior. 

The  nature  of  the  Laboratory  is,  of  course,  determined  by 
the  abilities  and  interests  of  its  staff.   These  have  been  cho- 
sen for  their  multidisciplinary  background  and  their  interest  in 
developing  ways  in,  which  basic  knowledge  about  the  nervous  system 
can  be  utilized  for  the  compensation  of  loss  of  human  function 
through  injuries  and  disease,  and  the  extension  of  man's  ability 
to  control  his  environment.   Basic  research  is  supported  wherever 
fundamental  knowledge  is  required  for  the  evolution  of  applied 
techniques. 

The  Laboratory  operates  a  small  intramural  research  program 
augmented  by  a  number  of  contracts  with  outside  institutions 
performing  studies  under  the  direction  of  Laboratory  of  Neural 
Control  staff  members.   The  Laboratory  has  a  staff  consisting  of 
10  budgeted  positions;  other  hiring  mechanisms  bring  the  total 
nuiriber  of  Laboratory  staff  to  16.   There  are  10  Civil  Service 
employees,  four  Commissioned  Officers,  one  of  whom  is  supported 
by  another  organizational  unit  of  the  National  Institutes  of 
Health,  one  Visiting  Fellow,  one  Visiting  Scientist  on  sabbatical 
leave,  two  temporary  employees,  and  an  electrical  engineer  who 
divides  his  time  between  our  Laboratory  and  the  Laboratory  of 
Perinatal  Physiology.   One  Special  Fellow  left  in  September, 
1971,  after  completing  his  second  year  with  the  Laboratory,  but 
will  return  in  FY  1973  as  a  Civil  Service  employee.   None  of 
our  staff  members  received  promotions  during  FY  1972  due  to  the 
stringent  limitations  on  Civil  Service  grade  point  average. 

Specific  activities  of  the  Laboratory  fall  into  the  follow- 
ing categories: 
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Techniques  for  Making  Connections  with  the  Nervous  System:      (j 

Fundamental  to  all  objectives  of  the  Laboratory  of  Neural 
Control  is  the  development  of  techniques  for  making  chronic 
connections  with  the  nervous  system.   The  requirements  for  such 
connections  (electrodes)  differ  depending  on  whether  they  are  to 
be  used  for  recording  or  for  stimulation.   New  materials  used  in 
studies  within  the  Laboratory  include  cyanoacrylate  adhesives  an-', 
sintered  tantalum-tantalum  oxide.   Both  of  these  materials  appec ^ 
to  be  quite  promising  from  the  standpoint  of  tissue  compatibility, 

A  new  type  of  "thumbtack"  intracortical  electrode  has  been   I 
developed  for  chronic  recording  of  single  nerve  cell  activity  in  i 
the  brains  of  animals.   The  bare  tip  of  this  platinum-iridium,    ' 
glass-insulated  electrode  is  held  fixed  in  position  relative  to 
one  or  more  nerve  cells  by  the  flat  disc  or  head  to  which  it  is 
attached.   Using  these  electrodes  in  cats,  it  has  been  possible 
to  record  single  cell  activity  continuously  for  periods  of  months. 
A  microelectrode  introducer  has  been  designed  for  the  manipulation 
of  tungsten  microelectrodes  used  for  acute  single  unit  studies  in 
human  cortex. 

A  study  his  been  made  of  the  possibility  of  utilizing  the 
ionic  eddy  currents  induced  by  pulsed  strong  magnetic  fields  for 
stimulation  of  localized  regions  of  the  nervous  system.   At  the 
present  time,  such  devices  do  not  appear  to  offer  any  advantage   i 
over  the  introduction  of  electrical  conductors  into  the  nervous  Jf 
system. 

A  new  capacitor  electrode  has  been  developed  and  appears  to 
be  very  promising  for  electrically  stimulating  small  regions  of 
the  nervous  system.   Since  there  is  no  electronic  flow  between 
the  electrode  and  the  electrolyte  surrounding  it,  damaging 
electrochemical  reactions  at  the  electrode  interface  are  prevented, 

New  techniques  have  been  developed  for  making  arrays  of 
tubes  and  grooves  in  various  materials  for  recording  from  single 
peripheral  nerve  fibers.   The  success  of  these  techniques  has  not 
yet  been  demonstrated,  but  a  theoretical  analysis  shows  that  this 
approach  is  promising.   Such  techniques  are  essential  for  the 
achievement  of  both  immediate  and  long  term  Laboratory  goals . 
Further  development  of  them  receives  high  priority  in  present  and 
future  plans. 

Q 

Motor  Control  Systems  Operating  in  the  Spinal  Cord: 

Basic  research  in  this  area  has  continued  through  an  effec- 
tive collaboration  between  this  Laboratory  and  the  Medical  Neu- 
rology Branch.   A  study  of  the  correlation  of  physiological  with 
histochemical  characteristics  of  motor  units  has  been  carried  out 
in  both  mixed  mammalian  muscle  and  homogeneous  mammalian  muscle.  , 
The  three  basic  histochemical  types  of  muscle  fibers  in  normal   'j 

2j 


cat  muscle  have  been  found  to  correspond  exactly  to  the  physio- 
logical groupings  of  motor  units.   At  the  same  time,  strong 
support  has  been  provided  for  the  hypothesis  that  all  of  the 
muscle  fibers  innervated  by  a  given  motor  neuron  have  the  same 
histocheraical  profile.   Methods  have  been  developed  for  studying 
the  activity  patterns  of  motor  units  of  specific  types  and  should 
permit  the  identification  of  the  motor  units  involved  in  walking 
and  jumping.   Muscle  stretch  and  vibration  have  been  used  in  an 
attempt  to  develop  methods  for  selective  activation  of  muscle 
spindle  secondaries  for  the  purpose  of  resolving  a  major  question 
concerned  with  the  control  of  movement.   It  is  too  early  to 
report  the  results  of  these  new  studies.   Future  basic  research 
of  this  type  will  include  studies  of  the  synaptic  organization 
among  motor  units  belonging  to  the  three  recognized  types, 
emphasizing  particularly  the  organization  of  descending  supra- 
spinal input  systems. 

The  senior  investigator  in  these  studies  spent  11  weeks 
during  FiT  1972  in  the  Department  of  Physiology,  Centre  de  Investi- 
gacion  y  de  Estudios  Avanzados  working  in  the  laboratory  of 
Dr.  Pablo  Rudomin,  a  former  Visiting  Scientist  in  the  Laboratory 
of  Neural  Control.   The  purpose  of  this  collaboration  was  the 
exploration  of  what  may  possibly  be  an  important  new  basic 
mechanism  for  cci.trol  of  motor  outflow.   It  involves  the  study 
of  the  correlation  of  fluctuations  in  synaptic  potentials  in 
motor  neurons  belonging  to  the  same  motor  nucleus  when  these 
synaptic  potentials  are  induced  by  primary  muscle  spindle  activ- 
ity.  Such  collaborative  studies  form  an  important  part  of  the 
work  of  this  Laboratory. 

Cortical  Control  Mechanisms ; 

This  is  a  project  for  studying  the  feasibility  of  using 
cortical  neurons  for  the  control  of  external  devices  such  as 
limb  prostheses.   Spike  trains  from  single  cells  in  the  motor 
cortex  are  analyzed  to  determine  their  relationship  to  particular 
limb  movements  which  a  monkey  has  been  conditioned  to  perform. 
Cells  are  being  typed  by  their  patterns  of  activity  and  corre- 
lations sought  between  their  location  in  the  motor  cortex,  their 
frequency  of  occurrence,  and  various  measured  parameters  of  the 
limb  movement.   In  addition,  studies  are  underway  to  determine 
the  degree  to  which  the  animal  is  capable  of  influencing  the 
firing  pattern  of  specific  neurons.   This  would  be  important  in 
the  development  of  control  over  a  prosthesis.   There  is  room  for 
considerable  optimism  that  signals  from  the  motor  cortex  will 
ultimately  be  used  for  the  control  of  prosthetic  devices ,  pro- 
vided that  the  technical  problems  of  obtaining  long  term, 
chronic  recordings  can  be  solved. 

Sensory  Prosthesis  for  the  Blind; 

Work  on  the  determination  of  the  feasibility  of  developing 
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a  sensory  prosthesis  for  the  blind  utilizing  direct  stimulation  ( 
of  the  visual  cortex  continues  through  the  direction  of  seven   •* 
contracts  with  outside  institutions.   Project  Report  NDS(I)-71 
LNLC/OC  1916  should  be  consulted  for  the  details  on  these  con- 
tracts .   It  has  been  shown  that  even  when  temperature  changes , 
pH  changes,  and  toxic  by-products  are  prevented,  electrical 
stimulation  of  the  brain  is  sufficient  to  open  the  blood  brain 
barrier  to  certain  dye-albumin  complexes,  and  that  substances 
which  inhibit  synthesis  or  release  of  catecholamines  reduce  thi£{^ 
effect.   It  has  been  shown  that  platinum- rhodium  alloys  erode 
more  rapidly  than  pure  platinum  when  used  as  stimulating  elec- 
trodes and  that  under  certain  conditions,  hypochlorite  can  be 
generated  in  the  neighborhood  of  a  platinum  electrode.   The  new 
sintered  tantalum  capacitor  electrodes  prevent  this  reaction  and, 
theoretically,  should  not  erode  during  long  term  electrical 
stimulation. 

Sequential  stimulation  of  cortical  surface  electrodes  in 
humans  leads  to  an  interaction  of  the  effects  of  stimulating 
currents,  but  some  indication  has  been  found  that  simple  patterns 
can  be  perceived  when  small  numbers  of  electrodes  are  stimulated. 
Monkeys  with  implanted  electrodes  have  been  able  to  detect  very 
small  frequency  changes  in  stimulus  trains  and  the  threshold  for 
stimulation  through  intracortical  electrodes  is  much  lower  than 
with  surface  electrodes.   Blind  monkeys  appear  to  have  lower 
thresholds  than  sighted  monkeys  under  otherwise  equal  coiiditions 
Results  to  date  have  neither  shown  the  full  feasibility  nor  the  ^j 
definite  lack  of  feasibility  of  a  sensory  prosthesis  for  the 
blind  using  direct  cortical  stimulation. 

Workshop  on  Functional  Neuromuscular  Stimulation; 

The  Laboratory  of  Neural  Control  has  taken  a  major  role  in 
organizing  this  Workshop.   It  has  brought  together  many  people 
from  a  number  of  different  disciplines,  each  of  whom  is  in  some 
way  directly  concerned  with  the  application  of  functional  neuro- 
muscular stimulation,  mainly  to  hemiplegic  and  quadriplegic 
patients.   This  is  an  important  area  of  neural  control  because 
the  techniques  and  the  basic  knowledge  are  available  to  put  this 
applied  technology  to  work  immediately.   It  is  also  important 
because  it  is  one  of  the  few  ways  in  which  something  positive 
can  be  done  at  the  present  time  for  certain  stroke  victims. 
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Project  Description: 

Objective;   The  objective  of  this  project  is  to  provide 
information  in  the  following  related  areas:   (a)  concerning  the 
interrelation  between  the  intrinsic  properties  of  alpha  moto- 
neurons and  the  physiological,  morphological  and  histochemical 
characteristics  of  the  muscle  fibers  innervated  by  the  investi- 
gated motoneurons;  (b)  concerning  the  patterns  of  use  of  motor 
units  of  different  types  during  a  variety  of  movements  in 
anesthetized  and  in  alert,  freely  moving  animals;  (c)  concern- 
ing the  organization  of  synaptic  input  to  alpha  motoneurons  from 
segmental  reflex  and  descending  systems;  and  (d)  concerning  the 
interaction  of  segmental  and  descending  systems  in  the  control 
of  information  flow  in  spinal  segmental  motor  mechanisms. 

Methods  Employed;   Anesthetized  cats  have  been  used  in  acute 
experiments  involving  intracellular  microelectrode  recording  and 
stimulation  techniques.   Special  methods  have  been  developed  for 
recording  the  mechanical  responses  of  single  motor  units  in  cat 
hindlimb  muscles  following  intracellular  stimulation  of  their 
motoneurons.   Methods  have  been  developed  permitting  histochemi- 
cal identification  of  the  muscle  fibers  belonging  to  motor  units 
studied  physiologically.   We  are  exploring  several  techniques 
whereby  the  pattern  of  activity  of  single  motor  imits  can  be 
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recorded  in  awake,  freely  moving  animals  and  which  also  permit 
subsequent  physiological  and  histochemical  characterization  of 
the  same  motor  units.   These  methods  involve  sequential  chronic 
and  acute  experiments  on  the  saime  animal.   The  response  and  cen- 
tral effects  of  muscle  spindle  secondary  (group  II)  afferents  is 
being  investigated  in  anesthetized  or  decerebrate  cats,  using 
mechanical  muscle  stimulation  and  conventional  techniques  for 
recording  resultant  motoneuron  outputs. 

Major  Findings:   A.   Physiological  -  histochemical  correla- 
tion in  motor  \xnits  of  a  mixed  mammalian  muscle.   The  population 
of  motor  units  meiking  up  the  mixed  gastrocnemius  muscles  in  the 
hindlimb  of  the  cat  can  be  divided  into  three  non-overlapping 
groups  on  the  basis  of  several  physiological  parameters.   These 
three  groups  include  all  but  about  2-3%  of  the  units  present  in 
these  muscles.   We  have  been  able  to  identify  anatomically  muscle 
fibers  belonging  to  single  motor  units  studied  physiologically, 
using  a  technique  for  depletion  of  muscle  fiber  glycogen  and 
subsequent  study  of  frozen  sections  stained  with  various  histo- 
chemical techniques.   We  have  found  that  there  is  a  precise 
relation  between  the  histochemical  profile  of  muscle  fibers 
belonging  to  the  studied  motor  units  and  the  physiological  group- 
ings as  we  define  them.   The  three  basic  histochemical  types  of 
muscle  fibers  found  in  normal  cat  muscle,  and  recognized  for  many 
years,  correspond  exactly  to  the  physiological  groupings  of  motor 
units.   Our  results  provide  strong  support  for  the  hypothesis 
that  all  of  the  muscle  fibers  innervated  by  a  given  motoneuron 
have  the  same  histochemical  profile. 

B.  Physiological  -  histochemical  correlation  in  motor  units 
of  a  homogeneous  mammalian  muscle.   We  have  also  studied  the  motor 
unit  population  of  homogeneous  soleus  muscle  in  the  cat  hindlimb. 
The  entire  population  of  units  in  this  muscle  can  be  classified 
into  one  group,  called  type  S,  on  the  basis  of  physiological 
parameters.   These  units  basically  resemble  the  type  S  units  found 
in  the  mixed  gastrocnemius  muscle  but  there  are  several  significant 
differences,  both  in  physiological  responses,  and  in  morphological 
and  histochemical  characteristics,  from  the  mixed  muscle  S  xinits. 

C.  Activity  patterns  of  motor  units  of  defined  type.   We 
have  been  developing  a  number  of  techniques  for  recording  the 
activity  of  single  motor  units  in  awake,  behaving  animals  using 
implanted  electromyographic  electrodes  in  the  gastrocnemius  of 
the  cat.   Activity  of  single  units  has  been  analyzed  from  tape 
recordings  of  raw  data  using  several  digital  computer  methods. 
An  attempt  has  been  made  to  analyze  motor  unit  activity  patterns 
during  normal  walking  and  jumping  movements  and  a  treadmill  suit- 
able for  cats  has  been  designed  and  constructed  to  provide  con- 
trolled locomotion  for  test  animals.   Methods  have  been  developed 
for  the  identification  of  motor  units  observed  under  chronic 


6j 


Serial  No.  NDS(I)-69  LNLC/OC  1686 

conditions .   The  serious  technical  difficulties  inherent  in  this 
investigation  have  been  resolved  only  partially  and  work  is  still 
in  an  essentially  developmental  state. 

D.   Analysis  of  the  central  effects  of  muscle  spindle 
secondary  afferents.   A  major  unresolved  question  facing  investi- 
gators concerned  with  control  of  movement  is  the  analysis  of  the 
central  effects  of  muscle  spindle  secondary,  or  group  II,  affer- 
ents, about  which  very  little  is  known.   We  have  attempted  to 
develop  methods  for  selective  activation  of  spindle  secondaries , 
using  muscle  stretch  and  vibration.   An  electromechanical  device 
for  stretching  muscle,  previously  developed  for  this  laboratory, 
has  been  utilized.   The  effects  of  spindle  secondary  activation 
on  output  muscle  tension,  motoneuron  population  responses  and 
on  firing  patterns  of  individual  motoneurons  are  being  studied. 

Significance  to  Biomedical  Research  and  the  Program  of  the 
Institute;   The  problem  of  motor  control  in  the  intact  animal 
involves  consideration  of  the  functioning  of  motor  units  as 
individual  entities,  active  in  asynchronous  patterns.   Much  of 
the  present  work  has  been  designed  to  further  our  understanding 
of  the  input-output  relations  of  motor  units,  considered  on  the 
basis  of  single  units  rather  than  whole  muscles  or  muscle  nuclei. 
It  can  be  expected  that  information  regarding  the  organization 
of  synaptic  input  to  different  groups  of  motor  units  within  the 
same  muscle  will  give  a  better  picture  of  how  the  central  nervous 
system  may  utilize  these  units  during  movements  of  various  sorts. 
In  addition,  knowledge  of  the  mechanical  output  characteristics 
of  the  same  motor  units  permits  inferences  about  the  ultimate 
result  of  patterns  of  motor  unit  discharge  in  terms  of  muscle 
tension  output.   The  motor  unit  has  long  been  recognized  as  the 
ultimate  target  of  integrative  mechanisms  in  the  motor  system. 
The  aim  of  this  project  is  to  contribute  to  a  detailed  understand- 
ing of  the  mechanisms,  particularly  those  in  and  projecting  to 
the  spinal  cord,  which  operate  to  control  motor  behavior. 

Proposed  Course  of  Project;   During  FY  1973,  work  on  this 
project  will  include  the  following  areas  of  concentration: 

(a)  continuation  of  study  of  the  activity  patterns  of  single 
motor  units  in  freely  moving  animals  and  during  controlled  loco- 
motion on  a  treadmill,  together  with  attempts  to  characterize 
the  studied  units  on  the  basis  of  their  physiological  properties; 

(b)  an  assessment  of  motoneuron  intrinsic  properties  and  synaptic 
organization  among  motor  units  belonging  to  the  three  types  now 
recognized  in  the  cat  gastrocnemius,  basing  this  work  on  exist- 
ing data  from  earlier  work  in  this  laboratory,  and  with  partic- 
ular emphasis  on  the  organization  of  descending  supraspinal 
input  systems;  (c)  continuation  of  the  study  of  the  central 
effects  of  natural  activation  of  muscle  spindle  secondary 
afferents. 
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Honors  and  Awards ;   None 

Publications ; 

Burke,  R.E.,  Levine,  D. ,  Zajac,  F. ,  Tsairis,  P.,  and  Engel, 
W.K. :   Mammalian  motor  units:   physiological-histochemical 
correlation  in  three  types  in  cat  gastrocnemius.   Science.   174: 
709-712,  1971. 

Burke,  R.E.:   On  the  central  nervous  system  control  of  fast 
and  slow  twitch  motor  units.   In  Desmedt,  J.E.  (Ed.):   New 
Developments  in  Electromyography  and  Clinical  Neurophysiology, 
vol.  3,  Karger: Basel.   In  press. 

Dold,  G.M.  and  Burke,  R.E.   A  joystick  operated  microforge 
for  fabrication  of  glass  micropipette  electrodes.   Electro- 
enceph .  Clin.  Neurophysiol .   In  press. 

Burke,  R.E.,  Tsairis,  P.,  Levine,  D.N.,  Zajac,  F.E.,and 
Engel,  W.K. :   Direct  correlation  of  physiological  and  histochemi- 
cal  characteristics  in  motor  units  of  cat  triceps  surae  muscle. 
In  Desmedt,  J.E.  (Ed.):   New  Developments  in  Electromyography 
and  Clinical  Neurophysiology,  vol.  3,  Karger : Basel.   In  press. 
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Project  Description: 

Objectives :   Each  of  the  major  goals  of  the  Laboratory  of 
Neural  Control  requires  the  development  of  techniques  for  making 
chronic  connections  to  the  nervous  system  for  the  purpose  of 
selective  recording  and  stimulation.   Many  parallel  channels  of 
information  are  required  from  individual  nerve  cells  or  small 
groups  of  cells  of  similar  function.   In  accomplishing  these 
objectives,  it  is  necessary  to:   (a)  develop  new  types  of 
chronically  implantable  electrodes,  (b)  make  connections  between 
such  electrodes  and  recording  or  stimulating  devices  outside 
the  body,  and  (c)  analyze  the  recordings  from  such  electrodes 
so  as  to  separate  the  signals  from  individual  cells. 

Methods  Employed:   A.  Materials  suited  for  biological 
implantation.   Materials  chronically  implanted  into  animals 
and  evaluated  for  stability  of  their  physical  properties  and 
their  biocompatibility  during  the  current  period  have  included 
cyanoacrylate  adhesive,  platinum-iridium  alloys  and  sintered 
tantalum- tantalum  oxide. 
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B.  DesigrxS  for  a   chronic  recording  intracortical  micro- 
electrode.   These  studies  have  been  concerned  with  the  evalua- 
tion  of  systems  (the  electrode  and  its  insulation;  connectors 
and  cables)  which  would  permit  chronic  recording  from  small 
populations  of  separable  neural  elements,  and  the  surgical 
procedures  necessary  in  employing  them.   The  electrodes 

are  glass-insulated  platinum-iridium.   A  mathematical  model 
for  analyzing  the  displacements  of  such  an  electrode  system 
(relative  to  a  signal  source)  has  been  developed.   The  results 
of  this  analysis  agree  with  the  physiologic  data  and  permit 
optimization  (in  future  electrode  designs)  of  those  features 
contributing  to  the  success  of  the  electrode. 

Measurements  of  the  force  required  for  sharpened 
electrodes  to  penetrate  the  pial  membrane  have  been  made 
utilizing  a  special  electrode  introducer  (see  next  section) . 
A  model  has  been  constructed  for  the  critical  buckling  load  of 
the  glass-insulated  platinxom-iridiiam  electrode  and  conclusions 
may  be  drawn  concerning  insulator  thicknesses  in  future 
electrode  designs. 

Work  is  going  ahead  on  the  "tack"  electrode  with 
specifications  derived  from  the  various  model  formulations 
discussed  above.   A  fine  platinum-iridixim  lead  and  a  100% 
iridium  probe  will  be  microwelded  to  the  top  and  bottom 
(respectively)  of  a  platinum  "tack  head."   Insulators  will  be 
applied  either  in  a  microforge  (solder  glass),  by  dipping 
(teflon)  or  thin-film  techniques  (sapphire,  quartz,  etc.). 

Histological  studies  of  tissues  surrounding  the 
electrodes  are  underway. 

C.  Designs  for  Microelectrode  Introducers  Capable  of 
Riding  with  the  moving  Brain.   These  studies  have  been  con- 
cerned with  the  development  of  devices  which  can  introduce 
"tack"  electrodes  and  conventional  tungsten  electrodes  into 
moving  tissue  with  a  minimiim  of  tissue  damage. 

A  tack  electrode  introducer  has  been  built  and  has 
undergone  several  experimental  tests.   It  has  been  used  to 
determine  the  force  required  for  an  electrode  to  pierce  the 
pial  membrane.   It  has  successfully  followed  cortical  movement 
by  virtue  of  its  low  mass  (weight  of  0.13  gms)  and  low  moving 
friction  (sapphire  jewel  bearings).   Future  utilization  will 
be  centered  around  the  introduction  of  newly  designed  "tack" 
electrodes  into  cortex  of  cat  for  chronic  studies. 

A  tungsten  electrode  introducer  for  acute  single  unit 
studies  in  human  cortex  has  been  designed.   The  device  makes  use 
of  air  bearings  and  air  pads  to  provide  a  virtually  frictionless 
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track  for  a  mechanical  screw  (140  threads/inch)  micromanipulator. 
This  instriiment  will  ride  with  the  moving  cortex  because  its 
effective  weight  will  be  near  zero.   It  is  designed  for  use  in 
the  human  neurosurgical  operating  theater. 

D.  Stimulation  using  magnetic  fields.   Ionic  eddy  currents 
induced  by  pulsed  strong  magnetic  fields  can  stimulate  peripheral 
nerve  and  also  can  produce  visual  phosphenes  probably  of  retinal 
origin.   The  strength  and  distribution  of  eddy  currents  induced 
by  a  variety  of  magnetic  field  configurations  were  studied  in 
detail  in  hopes  of  devising  a  means  to  concentrate  a  stimulating 
current  in  a  small  region  remote  from  the  stimulating  hardware. 
Theoretical  considerations  soon  ruled  out  such  a  possibility. 
However,  eddy  currents  can  be  channeled  by  appropriate  barriers. 
For  example,  they  can  be  made  to  flow  through  a  small  pore  in  a 
plastic  sheet,  the  current  density  at  the  pore  becoming  suffi- 
ciently high  for  stimulation.   A  "pore  electrode"  device  has  been 
designed  for  surface  stimulation  of  cortex.   Testing  of  this 
device  is  anticipated  in  the  near  future. 

E.  Capacitor  electrode.   An  entirely  insulated,  purely 
capacitive  electrode  has  been  devised  for  semi-selective  stimu- 
lation of  neural  or  muscular  tissue.   By  practically  eliminating 
electrochemical  reactions  at  the  electrode-tissue  interface,  the 
use  of  a  capacitor  electrode  will  hopefully  permit  long-term 
stimulation  without  progressive  tissue  damage.   One  millimeter 
in  diameter  and  1/2  mm  thick,  the  electrode  is  composed  of 
tantalum  powder  sintered  into  a  porous  meshwork  which  is  then 
anodized.   The  electrical  characteristics  of  the  electrode  have 
been  determined,  mathematical  models  were  constructed,  and 
optimal  specifications  for  electrode  construction  were  derived. 
In-vitro  testing  of  the  electrode  confirmed  expectations,  and 
acute  animal  experiments  showed  no  unexpected  complications. 
Chronic  implantation  experiments  are  underway  to  compare  the 
long-term  behavior  of  these  electrodes  with  conventional  platinum 
stimulating  electrodes. 

F.  Tube  and  groove  electrodes.   Methods  have  been  devised 
to  make  arrays  of  tubes  and  grooves  for  capturing  nerve  fibers 
to  monitor  chronically  patterns  of  unit  activity  among  numbers 
of  in  situ  nerve  fibers.   Fibers  would  be  drawn  into  tubes  by 
suction  or  allowed  to  regenerate  into  them,  or  introduced  into 
grooves  through  the  side,  which  would  then  be  covered.   The 
grooves  and  tubes  have  recording  contacts  at  the  midpoints. 
Tubes  are  short  enough  (1  to  2  mm)  to  allow  oxygen  to  diffuse 
to  the  center,  and  narrow  enough  (25  to  50  microns)  so  that 
the  current  from  a  node  of  Ranvier  near  the  midpoint  should 
generate  an  adequate  signal  voltage. 
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The  tubes  or  grooves  are  arranged  in  parallel  in  a 
plane,  with  the  leadouts  perpendicular  to  them  in  a  parallel 
adjacent  plane.   This  allows  stacking  of  the  tube  arrays, 
and  is  a  convenient  geometry  for  implanting  the  groove  arrays. 
These  arrays  are  made  by  laying  up  to  8  nickel  wires  in  a 
loom  as  cross  pieces,  laying  an  equal  number  of  .001"  teflon 
insulated   Pt-Ir  leadout  wires  across  them,  spot-welding  one 
leadout  to  each  cross  wire,  distorting  the  loom  to  bring  the 
wires  together,  patting  in  teflon  or  epoxy,  and  etching  out 
the  nickel  wires  to  form  tubes.   To  form  grooves  the  cross 
wires  are  exposed  along  one  side  of  the  plane  array  and  etched 
out. 

Small  bundles  of  sciatic  nerve  fibers  have  been 
introduced  into  6  mm  long,  .003"  grooves  by  gentle  longitudinal 
pulling. 

Major  Findings:   The  sintered  tantalum  capacitor  electrode 
with  its  high  capacitance  per  unit  volxime  significantly  reduces 
toxic  chemical  reactions  compared  with  conventional  metal 
electrodes.   Also,  if  the  oxide  surface  is  damaged,  the  electrode 
is  "self-healing"  in  the  oxygen  rich  biological  environment. 

With  chronic  recording  intracortical  microelectrodes 
single  units  from  CNS  neurons  in  cats  have  been  recorded  in 
unmedicated  and  unrestrained  animals  for  up  to  three  months 
and  identified  units  have  been  recorded  continuously  for  up 
to  16  hours. 

Significance  to  Biomedical  Research  and  the  Program 
of  the  Institute:  The  mandate  of  the  Laboratory  of  Neural 
Control  includes  the  development  of  methods  for  direct  control 
of  external  devices  by  the  neural  signals  from  the  central 
nervous  system.   Other  projects  of  the  Laboratory  explore  the 
problems  of  what  would  be  done  with  such  signals  if  it  were 
possible  to  record  them  chronically  without  damage.   Thus, 
successful  development  of  new  techniques  for  stimulating  and 
recording  is  mandatory  for  success  of  any  of  the  Laboratory 
objectives.   Such  techniques  will  also  be  of  broad  general  use 
in  the  basic  neurophysiological  research  of  other  laboratories 
and  branches. 

Proposed  Course  of  Project:   All  of  the  projects  discussed 
need  further  development  and  work  will  continue  on  them.   Devel- 
opments covered  in  contracts  on  which  Laboratory  members  are 
project  officers  have  contributed  to  these  efforts  and  further 
cooperation  is  expected. 

Honors  and  Awards:   None 
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Publications; 

Hainbrecht,  F.  T.  :   Long  Range  prospects  for  neTiral 
control.   Proceedings  of  the  Conference  on  Technology  and 
the  Neurological ly  Handicapped  (In  press). 

Schmidt,  E.M. :   An  instrument  for  separation  of 
multiple-unit  neuroelectric  signals.   IEEE  Trans.  BioJtted. 
Engin. 18;  155-157,  1971. 
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Project  Description: 

Objectives:  The  major  goal  of  this  project  is  to  study  the 
feasibility  of  using  cortical  neurons  for  the  control  of  external 
devices  such  as  a  prosthesis.   This  involves  the  study  of  rela- 
tionships between  the  firing  patterns  of  cortical  neurons  and 
the  measurable  parameters  associated  with  simple  movements. 
Our  aim  is  to  determine  whether  it  is  possible  to  extract  enough 
information  from  the  spike  trains  of  small  sets  of  cortical 
neurons  to  be  able  to  predict  the  time  course  and  amplitude  of 
various  motor  response  measurements.   This  requires  a  careful 
study  of  the  types  of  cells  to  be  found  in  the  motor  cortex; 
their  frequency  of  occurrence,  location  and  specific  function. 
At  the  same  time,  we  are  anxious  to  determine  how  much  control 
an  individual  has  over  the  firing  patterns  of  these  cortical 
cells.   If  an  individual  can  influence  the  firing  rate  of  specific 
neurons,  the  chances  for  building  a  centrally  controlled  prosthesis 
are  markedly  improved. 

Methods  Employed:   Monkeys  are  trained  to  move  a  small 
handle  which  is  controlled  by  a  torque  motor  under  servo  control. 
The  force,  position  and  velocity  of  the  handle  are  continuously 
moniotred.   By  operating  the  servo  mechanism  in  various  modes, 
all  mechanical  properties  of  the  load  (inertia,  viscous  friction, 
and  spring  constant)  are  under  the  immediate  control  of  the 
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investigator  and  loads  can  suddenly  be  altered  while  monitoring 
cortical  cell  firing  and  motor  performance.   Simultaneous  extra- 
cellular recordings  are  obtained  from  the  motor  cortex  using 
the  Evarts  chronic  microelectrode  recording  system,  and  when 
multiple  cells  occur  on  a  single  electrode,  the  individual 
cells  are  separated  and  counted  in  real  tim.e.   All  data  can  be 
digitized  and  pre-processed  at  the  time  of  the  experiment. 

In  a  separate  series  of  experiments,  using  operant  condi- 
tioning techniques,  monkeys  are  trained  to  vary  the  firing 
patterns  of  cells  in  their  motor  cortex.   Extracellular  record- 
ings are  obtained  with  a  single  microelectrode,  and  up  to  three 
separate  cells  are  discriminated  at  one  time.   Under  computer 
control,  the  investigator  can  assign  positiveor  negative  weights 
to  each  of  these  cells  and  it  is  the  weighted  sum  of  activity 
that  determines  how  frequently  the  monkey  is  reinforced.   Hence, 
by  carefully  manipulating  the  weights,  desired  patterns  of  cell- 
ular activity  can  be  elicited. 

Major  Findings:   As  indicated  in  previous  reports,  we  have 
found  that  by  passing  spike  trains  through  demodulating  or 
smoothing  filters  we  are  able  to  obtain  a  surprisingly  accurate 
estimate  of  the  time  course  of  a  monkey's  wrist  displacement. 
We  have  considerably  expanded  our  data  processing  system  for 
calculating  optimal  linear  (Wiener)  filters  to  operate  on  the 
spike  train  data.   We  have  studied  what  sample  length,  filter 
length,  bin  width,  etc.  are  necessary  for  best  results,  and 
we  have  looked  carefully  at  the  question  of  how  well  filters, 
once  calculated,  will  hold  up  over  time. 

In  addition,  our  investigations  have  novr  spread  to  a 
number  of  different  areas. 

1.  It  has  been  widely  accepted  that  neurons  in  the  motor 
cortex  are  correlated  not  with  position,  but  with  the  force 
exerted  by  a  limb.   We  have  designed  an  experiment  to  look 
specifically  at  this  question.   Our  data  suggest  that  of  those 
cells  which  are  related  to  wrist  movement,  fewer  than  ten  per- 
cent show  any  correlation  with  changes  in  force.   Further, 
those  cells  which  do  seem  force  related  usually  do  not  reflect 
force  changes  in  any  simple  way.   Often  several  seconds  are 
required  before  a  new  load  is  reflected  in  the  "force  related" 
cell. 

2.  While  the  monkey  is  working  against  a  load,  it  is 
possible  to  introduce  brief  unexpected  perturbations  in  the 
load  to  observe  the  effect  on  cortical  neurons.   We  find  that 
motor  cells  in  the  cortex  respond  to  these  perturbations  much 
more  rapidly  than  we  expected  (10-50  msec)  suggesting  a  possible 
cortical  role  in  "spinal  reflex"  responses.   These  perturbations 
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can  be  introduced  in  a  carefully  selected  fashion  so  as  to 
evoke  activity  in  various  parts  of  the  motor  system.   We  find 
that  this  turns  out  to  be  a  useful  way  of  classifying  cortical 
neurons,  and  gives  us  considerable  information  about  the  function 
of  a  specific  motor  cortical  cell. 

3.  We  have  begun  to  map  carefully  the  position  and  depth 
of  each  of  the  cells  that  we  study.   So  far,  we  have  found  that 
cells  related  to  flexion  and  extension  seem  to  be  intermixed, 
and  there  is  not  yet  any  evidence  from  our  material  that  cells 
of  a  specific  type  are  spatially  segmented  in  any  significant 
way. 

4.  Recently,  we  have  begun  to  investigate  to  what  degree 
a  monkey  can  be  conditioned  to  control  the  firing  rates  of 
cells  in  the  motor  cortex.   It  has  become  clear  that  monkeys 
can  be  trained  to  exercise  a  great  deal  of  control  over  the 
firing  pattern  and  rate  of  single  cells  in  rather  complex  ways. 
We  have  not  yet  examined  the  question  of  how  much  control  can 
be  obtained  over  two  or  more  cells  at  one  time. 

Significance  to  Biomedical  Research  and  the  Program  of 
the  Institute:   Our  findings  suggest  that  if  appropriate  quanti- 
tative procediires  are  employed,  it  is  possible  to  extract  infor- 
mation about  a  number  of  motor  performance  parameters  from  the 
activity  of  a  small  group  of  selected  cortical  cells.   In  addi- 
tion, our  recent  experience  with  conditioning  single  cells 
suggests  that  an  individual  has  a  great  deal  of  control  over  the 
firing  pattern  and  rate  of  these  motor  neurons,  and  hence  might 
well  be  able  to  make  up  for  deficiencies  in  our  processing  system. 
We  are  increasingly  optimistic  that  signals  from  the  motor  cortex 
could  be  used  to  control  prosthetic  devices,  provided  that  the 
problem  of  obtaining  long-term  chronic  recordings  can  be  solved. 

Proposed  Course  of  Project: 

After  an  absence  of  several  months,  Edward  Schmidt  v;ill  be 
rejoining  this  project.   We  are  currently  considering  two  new 
areas  of  investigation. 

1.  We  expect  to  study  monkeys  as  they  track  a 
moving  pointer.   This  should  give  us  a  more 
precise  means  of  studying  position  control. 

2.  We  see  a  number  of  advantages  in  studying  the 
control  of  individual  finger  movements. 

In  general,  however,  work  will  continue  in  those  same  areas 
which  are  currently  under  investigation. 
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Honors  and  Awards;   None 

Publications ; 

Schmidt,  E.M. :  Unit  Activity  from  peripheral  nerve 
bundles  utilizing  correlation  techniques.   Med.  &  Biol.  Engin. 
9:  665-674,  1971. 

Schmidt,  E.M. :  An  instrument  for  separation  of  multiple 
unit  neuroelectric  signals.   IEEE  Trans.  Biomed.  Engin.  18:  155- 
157>  1971. 
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Serial  No.  NDS(I)-69  LNLC/OC  16  89 
1.   Laboratory  of  Neural  Control 
2. 
3.   Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Electrophysical  Correlates  of  Learned  Motor 

Acts 

Previous  Serial  Number:   Same 

Principal  Investigator:   Charles  D.  Woody,  M.D. 

Other  Investigators:   Jerome  Engel,  M.D. 

Mahmood  Nahvi ,  Ph . D . 
Henry  R.  Richardson,  Ph.D. 

Cooperating  Unit:   Daniel  H.  Wagner,  Associates 

Man  Years : 

Total:  0 

Professional:   0 
Other:  0 

Project  Description: 

This  project  has  been  terminated. 


19j 


Serial  No.  NDS(I)-71  LNLC/OC  1887 
1.   Laboratory  of  Neural  Control 
2. 
3.   Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:   Microstimulation  of  the  Nervous  System 

Previous  Serial  Number:   Same 

Principal  Investigator:   R.  Gilbert  Jost,  M.D. 

Other  Investigators:   Donald  R.  Hixmphrey,  Ph.D. 

Cooperating  Units:   None 

Man  Years: 

Total:  0.1 

Professional:    0.1 
Other:  0.0 

Project  Description: 

Objectives;   The  aim  of  this  project  is  to  explore  the 
potential  for  a  relatively  new  technique,  that  of  stimulating 
the  brain  through  microelectrodes .   Currently,  very  little  is 
known  about  the  type  of  pulse  duration,  current,  waveshape,  or 
size  of  electrode  that  is  optimal  for  the  excitation  of  a 
single  brain  cell,  or  a  specific  group  of  cells.   Yet  informa- 
tion of  this  kind  is  of  vital  importance  to  questions  of  neural 
control,  as  well  as  to  our  understanding  of  over-all  neural 
function.   It  is  clear  that  microstimulation  offers  a  valuable 
technique  for  studying  basic  questions  about  the  stimulation 
of  the  brain.   In  addition,  the  technique  offers  a  promising 
means  for  studying  the  control  of  lower  systems  by  higher 
centers.   By  exciting  specific  restricted  areas  of  the  brain, 
both  the  mechanisms  as  well  as  the  means  for  controlling  lower 
centers  may  be  explored  in  new  detail. 

Methods  Employed:   Two  independently  movable  microelectrodes 
are  placed  within  a  few  microns  of  one  another  within  the  brain. 
With  one  electrode  for  stimulation  and  one  for  recording,  it  is 
possible  to  study  in  a  very  precise  way  the  effects  of  stimula- 
ting a  specific  nerve  cell  under  various  stimulus  conditions. 
In  certain  cases,  when  cells  in  the  motor  system  are  being 
studied,  EMG  electrodes  are  placed  in  appropriate  muscles  to 
explore  the  effect  of  this  stimulation  on  motor  control. 
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Major  Findings:   This  project  was  temporarily  set  aside 
due  to  a  shortage  of  personnel  in  the  laboratory. 

Significance  to  Biomedical  Research  and  the  Program 
of  the  Institute ;   Direct  stimulation  of  the  brain  is  a 
promising  area  for  the  field  of  neural  control.   Although 
current  studies  center  on  the  motor  system,  information  gained 
from  this  project  will  have  important  bearing  on  the  feasibility 
of  stimulating  other  areas  of  the  brain.   In  addition,  and 
perhaps  no  less  important,  studies  of  this  kind  inevitably  lead 
to  a  better  understanding  of  the  underlying  basis  of  how 
the  nervous  system  works. 

Proposed  Course  of  Project:   We  intend  to  resume  work 
on  this  project  as  soon  as  adequate  personnel  become  available. 
Data  from  this  project  will  have  important  bearing  on  our 
ongoing  work  with  the  visual  prosthesis.   In  addition,  we  feel 
we  need  more  information  about  the  feasibility  of  direct 
central  motor  control  for  patients  with  stroke  and  other  motor 
deficits.   It  is  increasingly  clear  to  us  that  intracortical 
stimulation  of  the  central  nervous  system  is  an  area  of  critical 
importance  to  our  laboratory. 

Honors  and  Awards;   None 
Publications:   None 
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1.   Laboratory  of  Neural  Control 
2. 
3.   Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Feasibility  of  a  Sensory  Prosthesis  for  the  Blind 

Previous  Serial  Number:   Same 

Project  Officers:   Karl  Frank,  Ph.D. 

Frederick  T.  Hambrecht,  M.D. 

Other  Investigator:   Herbert  C.  Lansdell,  Ph.D. 

Cooperating  Unit:   Section  on  Clinical  Psychology,  Surgical 

Neurology  Branch,  NINDS 

Man  Years : 

Total:  2.4 

Professional:   1.5 
Other:  .9 

Project  Description: 

Objectives :   The  possibility  is  being  investigated  of  using 
direct  electrical  stimulation  of  the  central  nervous  system  (CNS) 
in  blind  people  as  a  form  of  information  input  for  use  as  a  sen- 
sory prosthesis.   Before  the  decision  to  construct  and  implement 
such  a  system  is  made,  certain  basic  feasibility  questions  must 
be  answered,  such  as  the  optimal  stimulus  parameters,  the  effects 
of  chronic  electrical  stimulation  on  the  CNS  tissues,  and  the 
effects  of  the  biological  environment  on  the  implanted  system 
components . 

Methods  Employed:   The  feasibility  studies  are  being  carried 
out  primarily  through  contracts  with  seven  institutions. 

The  Huntington  Institute  of  Applied  Research  has  continued 
its  studies  of  the  acute  effects  of  electrical  stimulation  on  the 
blood  brain  barrier,  as  well  as  the  effects  of  chronic  electrical 
stimulation  on  cerebral  and  meningeal  tissues  in  animals.   A 
"drain"  stimulator  has  been  developed  and  is  being  temporarily 
inserted  as  part  of  a  Penrose  drain  in  patients  with  chronic 
subdural  hematomas . 

The  Massachusetts  General  Hospital  is  studying  the  effects  of 
changes  in  electrode  parameters  and  electrode  size  by  stimulating 
occipital  cortex  of  human  subjects  who  require  craniotomies. 
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The  Johns  Hopkins  University  has  added  stimulating  elec- 
trodes along  the  shaft  of  their  thalamic  depth  probe  which  is 
employed  for  relief  of  chronic  pain  in  terminal  patients.   This 
allows  stimulation  of  geniculo-calcarine  tract  as  well  as  visual 
cortex.   After  autopsy,  the  position  of  the  electrode  is  deter- 
mined.  The  group  is  also  studying  the  anatomic  variability  Of 
the  human  striate  cortex,  the  biocompatibility  of  potential 
materials  and  the  effects  of  chronic  stimulation  in  animals. 

The  University  of  Utah  employs  a  "flying  squad"  to  set  up 
for  electrical  stimulation  of  occipital  cortex  during  neuro- 
surgery in  cooperating  institutions  on  2  4-hour  notice.   They  are 
also  studying  the  effects  of  implanted  biomaterials  and  elec- 
trical stimulation  on  cerebral  and  meningeal  tissues. 

The  University  of  Rochester,  using  sighted  and  blinded 
Rhesus  monkeys,  is  studying  methods  of  optimizing  information 
input,  long  term  survival  of  electrical  excitability,  relative 
effectiveness  of  intracortical  vs.  surface  electrodes  and  the 
possible  existence  of  a  scanning  mechanism  for  altering  the 
excitability  of  striate  cortex. 

The  University  of  Florida  is  performing  long  term  in  vitro 
tests  of  potential  electrode  materials  using  the  scanning  elec- 
tron microscope  and  atomic  absorption  spectrophotometry  to 
evaluate  erosion  of  these  electrodes.   They  are  also  investi- 
gating the  use  of  the  transcollasal  response  as  a  possible 
in  vivo  test  of  functional  deficits  produced  by  electrical 
stimulation. 

Tyco  Laboratories  is  determining  the  electrochemical 
reactions  at  the  electrode-electrolyte  junction  during  the 
passage  of  current  and  methods  of  identifying  and  minimizing 
possible  toxic  byproducts. 

The  Project  Officers  have  also  coordinated  some  of  their 
research  activities  at  NIH  with  that  of  the  contractors.   This 
includes  preparing  samples  of  experimental  capacitor  electrodes 
for  testing  by  the  contractors  as  well  as  performing  experiments 
on  catecholamine  release  and  its  possible  effect  on  the  blood 
brain  barrier  during  electrical  stimulation  of  the  brain. 

Major  Findings:   It  appears  that  even  when  temperature 
changes,  pH  changes  and  toxic  byproducts  are  prevented,  the 
electric  field  necessary  to  stimulate  neurons  is  sufficient  to 
open  the  blood  brain  barrier  to  certain  dye-albumin  complexes. 
However,  substances  which  inhibit  the  synthesis  or  release  of 
catecholamines  reduce  this  effect.   Alloys  such  as  platinum- rhodi- 
um erode  more  rapidly  than  pure  platinum.   When  metal  stimulating 
electrodes  are  used  under  certain  conditions ,  hypochlorite  can 
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be  generated^   Capacitor  electrodes  prevent  this  reaction  and 
theoretically  should  not  erode  during  long  term  electrical 
stimulation. 

When  stimulating  multiple  electrodes  sequentially  in  humans, 
interaction  of  the  effects  of  the  stimulating  currents  occur. 
However,  one  experiment  indicates  that  simple  patterns  can  be 
perceived  when  small  numbers  of  electrodes  are  stimulated. 

Macaques  are  able  to  detect  small  frequency  changes  in  stimu- 
lus trains.   Intracortical  electrodes  have  much  lower  current 
thresholds  for  behavioral  responses  than  surface  electrodes  and 
blind  monkeys  appear  to  have  lower  thresholds  than  sighted  monkeys 
when  the  same  type  of  electrode,  stimulus  site  and  stimulus  par- 
ameters are  used. 

Significance  to  Biomedical  Research  and  the  Program  of  the 
Institute:   As  these  feasibility  studies  continue,  the  possibility 
of  developing  a  truly  useful  sensory  aid  for  reading  and  navi- 
gation gradually  becomes  more  promising.   The  results  of  the 
studies  are  already  proving  useful  to  current  neurosurgical 
techniques,  such  as  electrical  stimulation  for  relief  of  chronic 
pain.   Many  of  the  findings  will  be  applicable  to  future  devices, 
such  as  auditory  prostheses  for  the  deaf  and  functional  neuro- 
muscular stimulation  of  paralyzed  individuals. 

Proposed  Course  of  Project:   Further  studies  of  the  type 
indicated  above  are  required.   This  includes  longer  term  experi- 
ments on  the  functional  and  pathological  effects  of  electrical 
stimulation,  basic  research  on  the  physiology  of  phosphene  pro- 
duction, the  development  of  more  sophisticated  electrodes,  and 
the  effects  of  temporo-spatial  pattern  stimulation  as  the  number 
of  electrodes  in  the  arrays  is  increased. 

Honors  and  Awards :   None 

Publications :   None 
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ANNUAL  REPORT 
July  1,  1971  through  June  30,  1972 
Laboratory  of  Neurophysiology,  Intramural  Research 
National  Institute  of  Neurological  Diseases  and  Stroke 

M.G.F.  Fuortes,  M.D.,  Chief 

The  staff  of  the  Laboratory  of  Neurophysiology  has  increased 
during  the  past  year,  and  includes  now  twenty  investigators. 
Space  previously  under  the  Office  of  the  Director,  Intramural 
Research,  has  been  incorporated  in  the  Laboratory. 

In  addition  to  the  research  to  be  described  below,  several 
members  of  the  staff  have  been  involved  in  teaching  activities . 
These  include  courses  in  Neurophysiology  at  the  University  of 
Maryland  and  Georgetown  University  and  a  seminar  on  selected 
neurophysiological  topics,  organized  by  the  Foundation  for 
Advanced  Education.   Invited  lectures  were  delivered  by  personnel 
of  the  Laboratory  at  the  International  Congress  of  Physiology 
(Munich,  July-August,  1971)  and  at  the  U.S. -Australian  Symposium 
on  Vision  (Canberra,  Australia,  February  1972) . 

The  major  research  activities  performed  in  the  Laboratory 
can  be  summarized  under  three  topics : 

Receptors .   Studies  have  been  performed  on  photoreceptors 
and  on  mechanoreceptors .   The  dichroic  microspectrophotometer 
developed  in  previous  years  has  been  used  to  study  the  properties 
of  visual  pigments  in  rods  and  cones .   The  principal  finding  ob- 
tained with  this  method  is  that  the  pigment  molecules  are  aligned 
on  the  photoreceptor  membrane  in  darkness  and  preserve  a  high 
degree  of  orientation  after  bleaching.   This  shows  that,  although 
the  chromophore  changes  shape ,  it  remains  firmly  attached  to  the 
opsin  following  absorption  of  a  photon.   It  is  satisfactory  to 
note  that  the  dichroic  spectrophotometer  permits  measurements  of 
great  precision:   these  have  already  led  to  important  results  and 
give  promise  of  more  successful  applications  in  the  future. 

Investigations  of  membrane  properties  of  photoreceptors  have 
been  continued  in  chordates,  worms,  molluscs  and  arthropods.   The 
results  indicate  that  the  response  is  brought  about  by  different 
mechanisms  in  the  various  species:   in  the  Leech  and  in  Hermissenda, 
light  evokes  depolarization  associated  with  a  large  increase  of 
conductance,  suggesting  increased  permeability  of  the  membrane  to 
sodium.   It  is  now  fairly  well  established  that  these  changes  are 
localized  to  the  microvillar  membrane  of  the  cell.   In  the  mollusc 
Pecten  the  response  to  light  is  a  hyperpolarization  accompanied  by 
increased  conductance.   Experiments  involving  sxibstitutions  of  ions 
indicate  that  the  primary  change  is  an  increase  of  permeability 
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to  potassium.   In  Limulus  it  appears  that  increased  permeability 
to  sodi\im  gives  rise  to  the  transient  phase  of  the  depolarizing 
response  to  a  step  of  light.   In  the  steady  state,  however,  volt- 
age-clamp studies  reveal  a  decrease  of  membrane  conductance. 
This  finding  shows  that  the  membrane  response  to  light  is  more 
complicated  than  previously  supposed. 

Studies  on  mechanoreceptors  have  been  initiated.   In  Hermis- 
senda  it  is  found  that  the  response  of  the  hair  cells  is  a  de- 
polarization with  superimposed  impulses.   This  response  is  graded 
with  stimulus  strength  and  arises  without  appreciable  latency. 
The  records  obtained  in  this  study  are  probably  the  first  satis- 
factory measurements  of  hair  cell  responses.   Their  analysis  will 
undoubtedly  be  useful  for  understanding  the  mechanisms  leading  to 
activation  of  these  receptors. 

Invertebrate  Nervous  System.   In  the  same  preparation,  the 
investigation  of  neural  interactions  is  being  continued.   It  has 
been  established  that  second-order  cells  in  the  visual  pathway 
discharge  impulses  in  darkness  and  are  inhibited  by  the  light- 
evoked  firing  of  photoreceptors.   More  surprisingly,  it  has  been 
found  that  the  hair  cells  of  the  statocyst  interact  with  the 
photoreceptors  and  with  the  cells  in  the  optic  ganglion.   This 
suggests  that  receptors  of  primitive  animals  subserve  some  of  the 
integrating  functions  which,  in  higher  animals,  are  performed  by 
the  central  nervous  system. 

Retina.   Systematic  investigations  of  the  retina  have  been 
continued  and  expanded.   The  final  aim  of  this  research  is  to  find 
out  how  retinal  cells  are  connected  and  interact  with  each  other 
in  order  to  bring  about  ganglion  cell  discharges.   This  plan  re- 
quires parallel  studies  on  the  morphology  and  physiology  of  retinal 
cells . 

Electron-microscopic  investigations  of  the  Turtle  and  Sala- 
mander retinae  have  been  performed  using  serial  sectioning  and 
Golgi  staining.   It  has  been  seen  that  cones  are  interconnected 
by  two  types  of  junctions;  horizontal  cells  are  connected  to  both 
rods  and  cones  by  proximal  and  distal  synapses;  bipolar  cells  make 
basal  junctions  with  both  rods  and  cones  and  also  are  synaptically 
connected  to  horizontal  cells.   The  presence  of  two  different  types 
of  junctions  between  the  same  pair  of  cells  suggests  the  possible 
existence  of  a  feedback  loop.   The  contacts  between  bipolar,  ama- 
crine  and  ganglion  cells  have  been  studied  in  the  dogfish. 

Continuing  the  work  of  previous  years,  the  functional  rela- 
tions between  cones  and  horizontal  cells  have  been  analyzed  and 
the  results  have  led  to  the  following  interpretation:   light  hyper- 
polarizes  the  cones;  the  responses  of  many  cones  sum  to  give  hyper- 
polarization  of  horizontal  cells;  horizontal  cells  are  electrically 
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Interconnected  so  that  their  responses  spread  outside  the  area 
3f  cone  responses;  horizontal  cells  feed  back  on  cones,  where 
bhey  exert  a  depolarizing  action.   This  feedback  is  eliminated 
Dy  aspartates  and  glutamates,  two  compounds  which  depolarize  the 
horizontal  cells  and  abolish  their  response  to  light. 

Studies  on  ganglion  cell  discharges  have  shown  that  receptive 
fields  are  different  for  the  "on"  and  "off"  firing.   The  receptive 
fields  include  both  excitatory  and  inhibitory  pathways.   It  has 
3een  determined  that  powerful  inhibition  of  ganglion  cells  can  be 
obtained  without  activating  horizontal  cells. 

It  was  rewarding  for  us  to  see  that  the  retinal  studies  per- 
formed in  our  Laboratory  were  taken  as  the  central  topic  of  the 
Presidential  Address  to  the  Royal  Society  of  London,  which  was 
lelivered  in  January  1972. 
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1.  Laboratory  of  Neurophysiology 

2.  Section  on  Sensory  Physiology 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Photoreceptors  in  the  Limulus  Eyes 

Previous  Serial  Nuit±)er:   Same 

Principal  Investigator:   Thomas  G.  Smith,  Jr.,  M.D. 

George  C.  Murray,  Ph.D. 

None 


Other  Investigators 

: 

Cooperating  Units : 

Man  Years : 

Total : 

Professional : 
Other : 

1. 
1. 
0. 
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Project  Description: 

Objectives :   The  objective  of  this  research  is  to  gain 
insight  into  the  means  by  which  light  is  transduced  into  an 
electrical  current  in  photoreceptors.   The  intracellularly  re- 
corded potentials  of  the  photoreceptor  cells  of  the  horseshoe 
crab,  Limulus  polyphemus ,  are  the  object  of  study. 

Methods  Employed;   The  responses  of  the  photoreceptor  cells 
to  light  and  electrical  stimulation  are  recorded  with  intra- 
cellular microelectrodes  and  analyzed  under  a  variety  of  experi- 
mental conditions.   The  technique  of  voltage  clamping  the  membrane 
potential  of  Limulus  ventral  eye  photoreceptors  is  the  main  method 
currently  employed  in  our  experiments.   The  technique  requires  the 
penetration  of  a  single  photoreceptor  with  two  microelectrodes, 
one  for  monitoring  the  membrane  potential,  the  other  for  supply- 
ing the  current  necessary  to  clamp  the  membrane  potential  at  the 
desired  level.   Using  this  technique,  the  role  of  visual  pigments, 
of  photoreceptor  cell  membrane  and  of  various  ions  in  photorecep- 
tion  can  be  studied. 

Because  of  the  necessity  of  taking  many  measurements  from 
each  experiment,  a  number  of  programs  have  been  developed  for  the 
PDP-12  computer.   With  these  programs  and  the  PDP-12  both  data 
accumulation  and  analysis  has  been  made  more  efficient. 
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Major  Findings;   The  investigations  have  been  concerned  with 
an  analysis  of  che  merobrane  properties  of  Limulus  photoreceptors 
in  the  dark,  in  steady  light  and  after  their  treatment  with  meta- 
bolic inhibitors  (strophanthidin) . 

It  is  found  that  these  photoreceptors  have  both  1)  voltage 
dependent  but  time-independent  and  2)  voltage  and  time-dependent 
conductances .   The  main  effect  of  steady  light  and  the  initial 
effects  of  strophanthidin  (10~^  molar)  is  on  the  voltage-  and 
time-dependent  conductances.   Moreover,  the  effect  of  both  steady 
light  and  strophanthidin  are  qualitatively  similar  over  a  wide 
range  of  membrane  potential  (-10  0  to  +25mV) ,  viz. ,  both  produce 
a  decrease  in  membrane  conductance.   At  membrane  potentials  well 
outside  the  physiological  range  (>+25mV) ,  steady  light  does  cause 
an  increased  conductance  whereas  the  glycoside  does  not.   In 
addition,  prolonged  treatment  with  strophanthidin  results  in  an 
abolition  of  all  time-dependent  conductances  and  an  increase  in 
the  magnitude  of  the  time  independent  conductances. 


The  conductance  changes  elicited  by  light  and  by  the  glyco- 
sides can  be  well-described  by  a  model  similar  to  that  developed 
by  Ehrenstein  and  Lecar  (1971)  to  account  for  their  results  on 
artificial  membranes.   In  addition,  it  is  noted  that  the  membrane 
currents  generated  in  response  to  a  step  by  the  voltage-  and 
time-dependent  conductances  can  be  adequately  described  by  the 
sum  of  two  exponential  processes  viz .  ,  I  (t)  =  Ae  ^Z"'  +  Be  '^/^+C, 
where  I (t)  is  the  current.  A,  B  and  C  are  coefficients,  a  and  3 
are  time  constants  and  t  is  time.   Moreover,  A,  B  and  C  are 
functions  of  voltage,  but  the  time-constants,  a  and  3,  are  essen- 
tially voltage  independent. 

Significance  to  Bio-medical  Research  and  the  Program  of 
the  Institute:   The  results  indicate  that  those  models  of  photo- 
receptor function  based  on  linear  and  time-independent  processes 
are  inadequate  to  account  for  the  properties  of  Limulus  ventral 
eye  photoreceptors  and  for  the  action  of  light  and  of  the  cardiac 
glycosides  on  these  cells.   Moreover,  the  currently  accepted 
notion  that  light  leads  to  an  increase  of  membrane  conductance 
is  not  consistent  with  present  results  on  the  steady-state  part 
of  the  light  response ,  where  it  is  found  that  light  produces  a 
decrease  in  membrane  conductance. 

Heretofore,  the  glycosides  were  held  to  act  specifically  and 
only  on  the  Na  K  dependent,  membrane  ATPase  and,  hence,  on  the 
so-called  sodium  pump.   The  results  of  this  study  raise  consider- 
able doubt  about  this  presumed  specificity  of  the  glycosides 
and/or  about  the  designation  of  time  and  voltage-dependent  current 
sources  as  "conductances".   Either  1)  the  glycosides  do  not  act 
just  on  the  sodium  pump  but  can  also  affect  membrane  conductances 
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or  2)  the  time  and  potential  dependent  changes  we  see  are  not  a 
measure  of  membrane  "conductances",  in  the  conventional  sense, 
but  of  a  time  and  potential  dependent,  as  well  as  light-sensitive, 
sodium  pump.   Unfortunately,  the  results  do  not  distinguish 
between  these  possibilities. 

Proposed  Course  of  the  Project:   It  is  proposed  to  continue 
the  study  of  membrane  properties  of  Limulus  photoreceptors  by 
continuing  the  voltage-clamp  techniques  which  we  have  developed. 
The  same  method  will  also  be  extended  to  the  investigation  of  the 
effects  of  altered  ionic  environment  and  of  other  metabolic  in- 
hibitors on  the  functions  of  photoreceptors.   The  aim  of  such 
experiments  will  be  to  specify  which  ionic  species  carry  the 
current  through  the  time-independent  and  the  various  time-depen- 
dent conductances.   It  is  our  hope  that  a  fuller  characterization 
of  the  membrane  characteristics  of  these  photoreceptors  will  aid 
in  the  development  of  a  more  adequate  model  of  photoreceptor 
function. 

Honors  and  Awards :   None 

Publications:       None 
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1.  Laboratory  of  Neurophysiology 

2.  Section  on  Sensory  Physiology 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 


Project  Title: 


Rapid  High  Resolution  Microspectrophotometry 
in  Visual  Cells. 


Previous  Serial  Number:   Same 
Principal  Investigator: 
Other  Investigators: 


Cooperating  Units 


George  C.  Murray,  Ph.D. 


Thomas  G.  Smith,  Jr.,  M.D. 
Theodore  Colburn,  Ph.D. 2 

^Office  of  Associate  Director,  C&FR/NINDS 
^Section  on  Technical  Development, 
NIMH-NINDS 


Man  Years : 

Total:  0.6 
Professional:  0.5 
Other:         0.1 

Project  Description: 

Objectives :   The  objective  of  this  research  is  the  instriomen- 
tation  and  use  of  rapid  scanning  microspectrophotometric  techniques 
for  the  in  situ  investigation  of  the  chemical  kinetics  within 
single  excitable  cells.   Although  these  techniques  are  being  de- 
veloped to  study  the  molecular  steps  coupling  photoexcitation  of 
visual  pigments  to  the  excitation  of  the  electrical  response  of 
the  cells,  their  more  general  application  to  cellular  physiology 
will  also  be  considered. 

Methods  Employed:   A  new  microspectrophotometer  has  been  de- 
signed which  can  sample  transmittance  at  spectral  wave  bands  be- 
tween 3  50  and  600  nm,  either  sequentially  or  in  random  order,  at 
rates  of  10  microsecond  per  sample  point.   The  system  uses  a  rapid 
scan  monochromator  in  which  the  entrance  slit  has  been  replaced  by 
a  cathode  ray  tube   face.   By  moving  the  spot  on  the  face  perpen- 
dicularly to  the  former  slit,  the  spectral  output  of  the  mono- 
chromator is  changed.   This  position  is  controlled  by  a  digitally 
controlled  interface  and  thus  any  wavelength  can  be  addressed 
either  by  a  digital  programmer  or  computer  in  less  than  1  micro 
second.   The  beam  intensity  can  be  rapidly  controlled  to  allow 
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1)  modulation  at  high  frequency  and  the  use  of  coherent  detection 
of  the  transmitted  light  and  2)  precise  control  of  the  average 
intensity  during  a  sampling  period.   In  the  future,  the  use  of  an 
on-line  computer  will  provide  simplified  program  control  and 
analysis  of  the  complex  spectral  changes  to  reveal  the  kinetics 
of  the  underlying  chemistry. 

Major  Findings;   The  prototype  system  was  further  tested  and 
the  indicated  changes  in  circuitry  were  made.   The  CRT  drive 
systems  were  rebuilt  to  improve  the  position  stability  and  to 
include  improved  intensity  control.   The  horizontal  position  con- 
trol (which  determines  the  wavelength)  and  the  vertical  deflection 
control  (allowing  alternating  double  beams)  were  rebuilt  to  make 
use  of  digitally  controlled  programmable  wavelength  and  mode 
selection.   Preliminary  tests  of  this  system  have  been  made  and 
are  continuing  and  have  been  reported  as  indicated  below. 

Significance  to  Bio-medical  Research  and  the  Program  of  the 
Institute:   This  project  should  provide  the  specific  instrumenta- 
tion  and  techniques  for  the  measurement  and  analyses  of  the  trans- 
duction steps  which  couple  the  stimulus  to  the  electrical  changes 
in  the  excitable  membrane  of  photoreceptors.   It  will  also  provide 
a  useful  tool  for  similar  study  of  other  molecular  systems  func- 
tioning within  living  cells,  for  which  an  increasing  need  has 
developed. 

Proposed  Course  of  the  Project:  We  propose  to  continue  the 
testing  and  modification  of  the  system,  while  the  investigation 
of  the  electrophysiology  of  the  receptor  membranes  continues  as 
discussed  in  report  NDS(I)-65  LNP/SP-1239 .   We  will  also  begin 
the  investigation  of  biological  systems  including  other  phot- 
receptor  pigments  and  some  vital  staining  for  intracellular  com- 
ponents in  other  systems  as  well  as  the  ventral  eye  receptors 
of  Limulus  as  originally  planned. 

Honors  and  Awards :   None 

Publications : 

Murray,  G.C. ,  and  Colburn ,  T.R. :   A  rapid  scan  microspectro- 
photometer  for  monitoring  intracellular  pigment  kinetics. 
Proc.  24th  Ann.  Conf.  Eng.  Med.  Biol.  13:  162,  1971. 
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1.  Laboratory  of  Neurophysiology 

2.  Section  on  Cell  Biology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Synaptic  Contacts  of  Visual  Cells. 

Previous  Serial  Number:   Same 

Principal  Investigator:   Arnaldo  Lasansky,  M.D. 

Other  Investigators:      None 

Cooperating  Units :       None 

Man  Years : 

Total:  1.7 
Professional:  1.0 
Other:        0.7 

Project  Description: 

Objectives:   To  investigate  the  fine  structure  and  function 
of  the  synaptic  contacts  of  the  retinal  receptors . 

Methods  Employed:   Electron  microscopy  combined  with  silver 
impregnations  by  the  method  of  Golgi . 

Major  Findings:   The  studies  on  the  synaptic  organization  of 
the  retinal  receptors  have  been  continued  in  the  retina  of  the 
salamander.   This  retina  was  selected  after  screening  those  of 
a  number  of  other  species,  in  search  of  a  simpler  synaptic  organ- 
ization at  the  outer  plexiform  layer  than  that  previously  found 
in  the  turtle.   The  salamander  retina  appeared  on  first  examina- 
tion to  meet  such  requirements  and,  furthermore,  the  large  size 
of  its  neurons  gave  promise  that  the  morphological  results  could 
eventually  be  correlated  with  those  provided  by  microelectrode 
recordings . 

A  drawback  that  became  apparent  later  on,  however,  is  the 
difficulty  in  staining  the  salamander  retinal  cells  by  means  of 
the  Golgi  method.   Therefore,  while  Golgi  studies  are  being  con- 
tinued and  stained  cells  slowly  accumulate  -  the  identification 
of  synaptic  contacts  is  being  attempted  by  tracing  neuronal  pro- 
cesses in  serial  electron-microscopic  sections.   This  procedure 
is  rather  laborious  and  time  consuming,  but  is  beginning  to 
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provide  useful  information.   To  date,  it  has  been  possible  to 
show  that  bipolar  cells  make  basal  junctions  with  rods  and  cones, 
and  that  horizontal  cells  make  two  kinds  of  junctions  with  the 
receptor  pedicles,  such  as  seen  previously  in  the  turtle  retina. 
One  of  these  two  kinds  of  junctions  -  termed  the  distal  junction  - 
has  a  different  structure  depending  on  whether  the  horizontal 
cell  contacts  are  made  with  rods  or  cones.   Single  horizontal 
cell  processes,  however,  can  be  seen  to  contact  both  a  rod  and 
a  cone. 

Significance  to  Bio-medical  Research  and  the  Program  of 
the  Institute:   It  is  hoped  that  these  observations  will  help  in 
identifying  the  mechanisms  of  synaptic  transmission  between  photo- 
receptor cells  and  second  order  neurons,  and  provide  a  better 
knowledge  of  the  neuronal  networks  involved  in  the  processing  of 
visual  information  within  the  retina. 

Proposed  Course  of  the  Project:   The  work  on  serial  electron- 
microscopic  sections  of  the  salamander  retina  will  be  continued 
to  establish  whether  bipolar  cells  make  contact  with  the  receptors 
at  the  ribbon  synapses,  and  whether  a  single  bipolar  cell  may 
exhibit  both  kinds  of  synaptic  contacts,  such  as  observed  in  the 
turtle  retina.   The  possible  existence  of  synapses  between  two 
receptors  or  between  two  second  order  neurons  will  also  be  inves- 
tigated.  It  is  also  hoped  that  Golgi  preparations  will  help  in 
establishing  whether  there  is  more  than  one  type  of  bipolar  and 
horizontal  cell. 

Honors  and  Awards :   None 

Publications : 

Lasansky,  A.:   Cell  junctions  at  the  outer  synaptic  layer 
of  the  retina.   American  Australian  Symposium  on  Vision. 
Invest.  Ophth.  1972,  in  press. 
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1.  Laboratory  of  Neurophysiology 

2.  Section  on  Cell  Biology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Studies,  of  Responses  of  Retinal 

Cells  in  Vertebrates 

Previous  Serial  Number:  Same 

Principal  Investigator:  Paul  M.  O'Bryan,  Jr.,  Ph.D. 

Other  Investigators:  M.G.F.  Fuortes ,  M.D. 

Cooperating  Units:  None 

Man  Years : 

Total:        1.5 
Professional:  1.25 
Other:        0.25 

Project  Description: 

Objectives :   This  research  project  deals  with  the  mechanisms 
by  which  electrical  signals  are  generated  and  transmitted  by 
cells  in  the  vertebrate  retina  in  response  to  light.   To  date 
attention  has  been  focused  on  the  receptors  and  horizontal  cells. 

Methods  Employed:   The  retina  of  the  turtle  (Pseudemys 
elegans)  was  chosen  because  of  the  relatively  large  size  of  the 
cells  and  simplicity  of  the  cellular  architecture.   Microelectrodes 
are  used  to  record  the  activity  of  single  cells  during  stimulation 
of  the  retina  with  light. 

Major  Findings :   It  was  previously  demonstrated  that  cones 
are  affected  by  two  types  of  interactions:   1)  a  facilitatory 
interaction  elicited  by  illumination  of  the  near  surround  and 
resulting  in  an  increase  of  the  peak  amplitude  of  the  hyperpolari- 
zing  response  to  light  and  2)  a  delayed  inhibition  of  the  response 
produced  by  illumination  of  the  more  distant  surround  which  re- 
sults in  a  decrease  in  the  plateau  of  the  response  to  a  step  of 
light.   The  facilitatory  interaction  is  brought  about  by  direct 
receptor  coupling  while  the  delayed  inhibition  has  been  shown  to 
be  mediated  by  horizontal  cell  activity. 
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The  properties  o£  these  two  types  o£  interactions  have 
been  examined  in  greater  detail.   The  facilitatory  interaction 
observed  is  opposite  to  the  lateral  inhibitory  mechanism  which 
exists  in  Limulus  and  which  has  the  effect  of  increasing  spatial 
contrast.   The  interactions  between  receptors  in  the  turtle  could 
sharpen  spatial  contrast  if  small  responses  facilitated  large 
ones  more  than  vice-versa.   This  seemed  unlikely;  however,  the    || 
possibility  was  tested  by  measurement  of  the  degree  of  facilita- 
tion occurring  when  the  peripheral  receptors  were  illuminated 
more  strongly  than  the  central  receptor  (with  a  small  annulus) . 
It  was  found  that  in  these  conditions  the  facilitation  was  greater 
than  when  a  circle  covering  the  same  area  was  used.   This  con- 
firmed the  notion  that  the  facilitation  between  receptors  is  inade- 
quate to  increase  spatial  contrast. 

In  the  course  of  these  experiments  the  distribution  of  re- 
sponses under  images  of  different  spatial  distribution  was  deter- 
mined.  An  important  finding  was  that  the  distribution  of  re- 
sponses often  differs  from  the  distribution  of  the  light  on  the 
vitreal  surface  of  the  retina,  due  to  scattering  and  to  receptor 
interactions.   This  point  must  be  kept  in  mind  when  the  effects 
of  different  patterns  of  illumination  on  retinal  cells  are 
analyzed. 

The  properties  of  the  horizontal  cell  which  mediate  inhibitio.^ 
of  the  receptor  response  were  examined  by  determining  the  relation- 
ship between  horizontal  cell  response  and  receptor  inhibition.   It 
was  noted  that  if  the  illumination  covers  a  large  area,  the  re- 
sponses are  uniformly  large  under  the  image  and  decrease  rapidly 
beyond  it.   The  responses  of  horizontal  cells  instead  decrease 
progressively  from  the  center  of  the  image  and  at  the  edge  of  a 
400y  radius  spot  may  be  less  than  one  half  of  the  response  at  the 
center.   This  is  the  expected  result  if  horizontal  cells  are 
coupled  electrically  to  one  another  as  has  been  demonstrated  by 
Kaneko  in  the  fish  retina.   In  addition  it  was  found  that  the  time 
course  of  response  produced  in  the*  horizontal  cell  by  spots  of 
different  intensities  and  sizes  is  quite  similar  to  the  time 
course  of  the  corresponding  depolarizing  waves  in  the  receptors. 
The  results  suggest  that  the  feedback  may  have  the  effect  of  in- 
creasing spatial  contrast:   since  horizontal  cell  responses  are 
smaller  at  the  edge  of  the  image  than  at  its  center,  the  receptors 
at  the  edge  will  suffer  less  inhibition  than  those  at  the  center.  , 

Significance  to  Bio-medical  Research  and  the  Program  of 
the  Institute!   Our  understanding  of  the  mechanisms  by  which  cells 
in  the  retina  generate  signals  and  interact  with  other  retinal 
cells  to  produce  meaningful  signals  is  still  incomplete.   These 
studies  are  designed  to  analyze  the  mechanisms  subserving  informa- 
tion processing  in  the  retina. 
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Proposed  Course  of  the  Project:   This  project  will  be 
berminated  and  a  study  o£  bipolar  cell  responses  will  be  started. 

honors  and  Awards :   None 

Publications :       None 
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1.  Laboratory  of  Neurophysiology 

2.  Section  on  Cell  Biology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Structure  and  relationships  of  cells  in  the  retina 

of  the  smooth  dogfish,  Mustelus  Canis . 

Previous    Serial   Niimber:      NDS(I)-71   ODIR-1863 

Principal  Investigator:   William  K.  Stell,  Ph.D.,  M.D. 

Other  Investigators:      Paul  Witkovsky,  Ph.D. 

Cooperating  Units :       Marine  Biological  Laboratory 

Woods  Hole,  Massachusetts 

Man  Years : 

Total:  1.8 
Professional:  1.8 
Other:         0.0 

Project  Description: 

Objectives;   To  describe  in  detail  by  light  and  electron 
microscopy  the  form  and  relationships  of  neurons  in  the  retina  of 
the  smooth  dogfish,  Mustelus.   This  study  is  part  of  a  larger 
effort,  including  electrophysiological  investigations,  aimed  at 
analyzing  the  structure  and  function  of  synaptic  networks  in  a 
primitive  but  complex  retina. 

Methods  Employed:   Flat-mounted  and  sectioned  retinas  stained 
with  methylene  blue  (intra  vitam) ,  reduced  silver  or  the  Golgi 
method;  routine  ultras tructure  and  reconstruction  from  serial 
ultrathin  sections. 


Major  Findings:   The  dogfish  retina  is  highly  stratified. 
Distinct  morphological  types  of  neurons,  and  in  at  least  some 
instances  the  synapses  between  them,  are  segregated  in  different 
retinal  sublayers . 

Some  horizontal,  bipolar,  and  ganglion  cells  are  exception- 
ally large,  and  therefore  they  probably  are  suitable  for  penetra- 
tion by  micropipettes . 

Giant  ganglion  cells  with  dendritic  fields  about  2mm  in 
diameter  have  been  observed  in  three  sublayers  of  the  inner 
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plexiform  layer.   The  giant  cells  of  the  proximal  (ordinary) 
ganglion  cell  layer  are  so  arranged  that  in  general  the  dendrites 
of  one  cell  just  reach  to  the  perikaryon  of  the  5  or  6  nearest 
giant  cells,  forming  an  approximately  hexagonal  mosaic  with  a 
period  of  about  1mm.   A  quantitative  morphological  description 
has  been  undertaken  which  will  facilitate  treatment  of  these 
cells  by  a  Rail- type  neuron  model.  t 

The  ratio  of  rods: cones  is  more  than  100:1. 

Horizontal  cells  are  arranged  in  three  layers.   Cells  in  a 
given  layer  contact  receptors  of  only  one  type;  those  in  the  two 
layers  nearest  the  receptors  contact  rods,  while  those  in  the 
third  layer  contact  cones. 

There  are  at  least  five  varieties  of  bipolar  cells,  each 
characteristic  in  the  size,  form,  and  location  of  its  dendritic 
tree,  cell  body,  axon  and  telodendron.   Bipolars  of  some  types 
have  characteristic  "Landolt's  clubs"  while  others  do  not. 

Synaptic  endings  of  bipolar  cells  and  their  relationships 
have  been  reconstructed  from  serial  ultrathin  sections.   Most 
(72%)  of  the  processes  contacting  these  endings  appear  to  be 
"axonal"  (probably  amacrine  cells)  inputs;  of  these,  about  1/3 
also  receive  a  reciprocal  input  from  the  bipolar  cell  at  a       | 
ribbon  contact.   The  remaining  processes  (28%) ,  probably  mainly 
ganglion  cell  dendrites,  only  receive  a  ribbon  synapse.   The 
several  types  of  terminals  examined  to  date  appear  not  to  differ 
greatly  in  these  proportions. 

Significance  to  Bio-medical  Research  and  the  Program  of  the 
Institute:   Little  is  known  of  the  detailed  synaptology  xn  a 
retina  which  is  at  the  same  time  so  primitive  and  so  complex. 
Particularly  attractive  is  the  prospect  of  obtaining  correspond- 
ingly detailed  functional  data  on  bipolar  and  ganglion  cell 
circuitry. 

Proposed  Course  of  the  Project;   Project  has  been  terminated. 

Honors  and  Awards :   None 

Publications: 

Stell,  W.K.  and  Witkovsky,  P.:   Retinal  structure  in  the 
smooth  dogfish,  Mustelus  canis ;  General  description  and 
light  microscopy  of  giant  ganglion  cells.   J .  Comp .  Neuro 1 . 
in  press,  1972. 
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1.  Laboratory  of  Neurophysiology 

2.  Section  on  Cell  Biology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Receptive  Field  Organization  of  Ganglion  Cells 

in  the  Retina  of  the  Smooth  Dogfish,  Mustelus 
Canis. 

Previous  Serial  Number:   NDS(I)-71  ODIR-1864 

Principal  Investigator:   William  K.  Stell,  Ph.D.,  M.D. 

Other  Investigators:      Henry  G.  Wagner,  M.D. 

Myron  L.  Wolbarsht,  Ph.D. 
Peter  B.  Detwiler,  Ph.D. 

Cooperating  Units:       Marine  Biological  Laboratory 

Woods  Hole,  Massachusetts 

Man  Years : 

Total:  0.75 
Professional:  0.75 
Other:        0.0 

Project  Description: 

Objectives:   To  investigate  the  synaptic  organization  of  the 
dogfish  retina  by  analysis  of  the  spatial  and  temporal  properties 
of  ganglion  cells. 

Methods  Employed;   Ganglion  cell  unit  discharges,  evoked  by 
500  msec  flashes  of  white  light,  were  recorded  from  the  dogfish 
retina.   Pieces  of  ventral  eyecup  were  suffused  with  moist  100% 
oxygen  at  20-22°C.   Action  potentials  were  recorded  extracellu- 
larly  with  glass-coated  Pt-Ir  microelectrodes  inserted  through 
the  vitreous  body.   Receptive  fields  were  mapped  by  determining 
thresholds  with  spots  of  light  190  ym  in  diameter  at  different 
points  along  orthogonal  axes .   The  relation  between  threshold 
intensity  and  spot  diameter  (i.e.,  the  summation  function)  was 
determined  for  spots  centered  on  the  receptive  field. 

Major  Findings:   In  most  dark-adapted  units,  central  spots 
gave  ON-responses  while  surrounding  annuli  gave  OFF-responses 
and  inhibited  the  central  ON-dis charge.   Some  of  these  iinits  were 
double-opponent,  since  under  certain  conditions  they  responded 
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at  OFF  as  well  as  ON  for  illumination  of  center  or  of  the  surround. 
Usually  the  ON  threshold  for  a  small  spot  was  constant  across  the 
receptive  field  center  and  rose  sharply  beyond  a  diameter  of  l-2mni 
The  OFF  threshold,  instead,  showed  little  change  across  the  full 
9.5mm  field.   The  central  ON  threshold  decreased  linearly  with 
spot  area  up  to  a  diameter  of  2- 3mm,  but  showed  no  further  change 
or  increase  with  larger  diameters.   The  OFF  threshold  on  the  othe| 
hand  decreased  linearly  with  area  for  spots  of  all  sizes.        ' 

A  steady  diffuse  background  or  a  flash  over  an  annulus  (I.D.  = 
7.6mm)  decreased  ON  sensitivity  of  the  center,  and  in  some  units 
reduced  the  diameter  of  the  ON  center  as  judged  by  both  the  recep- 
tive field  map  and  the  summation  function.   A  steady  background 
usually  enhanced  OFF  sensitiiity. 

Significance  to  Bio-medical  Research  and  the  Program  of  the 
Institute;   In  dark-adapted  retinas  the  receptive  field  center  is 
sometimes  larger  than  the  dendritic  spread  of  any  ganglion  cell 
which  has  been  described  (see  NDS(I)-71  LNP/CB-1863) .   Therefore, 
the  size  of  the  receptive  field  is  not  determined  by  the  size  of 
the  ganglion  cell's  dendritic  tree  alone. 

In  dark-  and  light-adapted  retinas  the  sensitivity  to  a  small 
spot  is  equal  throughout  the  receptive  field  center  and  sensitivit 
increases  linearly  within  the  center  as  spot  area  is  increased.  Tha 
morphological  studies  have  shown  however  that  the  membrane  surface 
area  of  ganglion  cell  dendrites  declines  100-  to  1000-fold  from  th 
center  to  the  edge  of  the  dendritic  tree.   Therefore  either  the 
distribution  of  bipolar  cell  synaptic  inputs  upon  the  ganglion  ceU 
surface  is  much  less  homogeneous  than  has  been  supposed,  there  be- 
ing many  more  bipolar  cell  synapses  per  unit  dendritic  surface 
toward  the  edge  than  toward  the  center  of  the  dendritic  field;  or 
many  of  the  spatial  properties  of  the  receptive  field  are  deter- 
mined by  networks  distal  (presynaptic)  to  the  ganglion  cell. 

The  receptive  field  center  of  many  ganglion  cells  became 
smaller  after  light-adaptation.   This  suggests  a  mechanism  for 
sharpening  of  visual  acuity  in  the  light- adapted  state. 

Proposed  Course  of  the  Project;   This  project  will  be 
terminated. 

Honors  and  Awards :   None  ( 

Publications : 

Stell,  W.K.,  Detwiler,  P.B.,  Wagner,  H.G.,  and  Wolbarsht, 
M.L.:   Spatial  organization  and  adaptational  changes  of 
ON-OFF  ganglion  cells  in  Mustelus  retina.   Biol.  Bull.  141: 
403-404,  1971.  .       . 
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Project  Title:   Eye  Changes  in  Prolonged  Streptozotocin-Induced 

Diabetes  in  Rats 

Previous  Serial  Number:   Same 


Principal  Investigators 


Ludwig  von  Sallmann,  M.D. 
Patricia  A.  Grimes,  B.A. 


Other  Investigators: 

None 

Cooperating  Units: 

None 

Man  Years: 

Total:          0 

Professional:   0 

Other:          0 

Project  Description: 

Objectives :   To  explore  the  long-term  ocular  and  systemic 
effects  of  streptozotocin-induced  diabetes  in  rats  as  a  new 
experimental  model  of  the  human  disease. 

Methods  Employed;  Diabetes  is  induced  in  rats  by  intraperi- 
toneal injection  of  streptozotocin  (65  mg/kg  i.p.).   The  course 
of  the  resulting  hyperglycemia  is  followed  by  regular  determina- 
tions of  non-fasting  blood  glucose  levels,  and  the  development 
of  ocular  lesions  by  frequent  slit  lamp  examinations.   It  was 
planned  to  maintain  these  rats  together  with  untreated  control 
animals  for  one  to  two  years  to  observe  any  slowly  developing 
signs  of  damage  particularly  in  retina  and  kidney. 

Major  Findings:   No  further  experiments  were  carried  out 
during  this  report  year  because  of  the  high  incidence  of  spon- 
taneous retinal  degeneration  discovered  among  aged  Osborne- 
Mendel  rats  from  the  NIH  colony.   A  similar  condition  is  sus- 
pected to  affect  the  Sprague-Dawley  strain  as  well.   This  compli- 
cating factor  makes  long-term  studies  of  the  retina  in  diabetic 
rats  impractical  at  this  time. 
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Significance  to  Bio-medical  Research  and  the  Program  of 
the  Institute:   Study  of  streptozotocin  diabetes  as  a  new  model 
of  the  h\aman  disease  may  provide  further  information  on  the 
complex  pathological  processes  in  man. 

Proposed  Course  of  the  Project;   This  project  has  been 
terminated. 

Honors  and  Awards :   None 

Publications :       None 
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Other: 
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Project  Description: 

Objectives :  We  have  observed  that  a  single  dose  of  either 
locally  or  systemically  administered  isoproterenol  (IPR)  sup- 
presses mitotic  activity  in  the  lens  epithelium  of  rats.   Investi 
gations  of  the  response  are  being  continued  in  an  effort  to 
characterize  the  mechanism  whereby  this  specific  beta-adrenorecep 
tor  agonist  influences  cell  proliferation  in  the  lens. 

Methods  Employed:   The  methods  used  to  determine  mitotic 
activity  and  the  number  of  cells  synthesizing  deoxyribonucleic 
acid  (DNA)  in  the  lens  epithelium  have  been  described  in  a 
previous  report.   In  addition  to  treatment  with  isoproterenol 
alone,  rats  were  also  treated  with  propranalol,  theophylline, 
or  aminophylline ,  by  either  intraperitoneal  or  subconjunctival 
injection,  30  minutes  prior  to  administration  of  IPR. 

Major  Findings:  The  effect  of  IPR  on  incorporation  of  thymi- 
dine into  DNA  was  examined  at  intervals  between  4  and  48  hours 
after  subconjunctival  injection  of  0.01  ymole  of  IPR  per  gram  of 
body  weight.   H^-thymidine  was  injected  intraperitoneally  one 
hour  before  the  animals  were  killed.   The  total  numbers  of 
mitoses  and  H^-labelled  cells  in  the  lens  epithelium  of  treated 
and  untreated  eyes  were  compared.   The  data  demonstrated  that 
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the  effect  of  IPR  was  manifested  first  as  a  transient  fall  in 
the  number  of  DNA-synthesizing  cells  at  16  hours  after  treatment; 
mitotic  activity  fell  after  the  lapse  of  another  8  hours.   This 
interval  is  appropriate  for  completion  of  DNA  duplication  and 
passage  of  the  cells  through  the  G2  period.   It  is  concluded 
that  by  whatever  mechanism  IPR  is  acting,  the  cell  cycle  is 
affected  in  the  Gi  period  at  some  point  prior  to  the  synthetic 
phase  leading  to  reduction  of  cells  entering  DNA  synthesis  and 
a  consequent  fall  in  mitotic  activity. 

Pretreatment  of  animals  with  propranalol,  a  beta  adrenergic-- 
blocking  agent,  completely  eliminates  IPR- induced  mitotic  depres- 
sion in  the  lens  epithelium  when  both  agents  are  administered 
systemically .   In  addition,  subconjunctival  injection  of  propranaJ 
lol  can  block  the  effect  of  systemically  injected  IPR  in  the 
treated  eye,  although  mitosis  is  inhibited  in  the  untreated  eye. 
The  observation  of  a  local  blocking  action  strengthens  the  possi-- 
bility  that  suppression  of  cell  proliferation  is  brought  about 
by  direct  action  of  IPR  on  the  cells  of  the  lens  epithelium  or 
on  the  surrounding  tissues  of  the  eye.   Theophylline,  which 
inhibits  the  enzymatic  degradation  of  cyclic  adenosine-3" ,  5"- 
monophosphate ,  clearly  potentiates  the  effect  of  IPR  on  the  lens 
epithelium.   These  observations  provide  evidence  that  in  this 
system  IPR  acts  by  stimulating  beta-adrenergic  receptors  and     ^ 
that  cyclic  AMP  may  function  as  a  mediator  in  effecting  the 
response . 

Significance  to  Bio-medical  Research  and  the  Program  of 
the  Institute:   The  clarification  of  the  effects  of  IPR  on 
this  non-vascularized,  non- innervated  epithelium  may  contribute 
to  the  understanding  of  the  complex  mechanisms  governing  the 
control  of  proliferation  and  differentiation  in  cell  populations 
of  different  functional  properties. 

Proposed  Course  of  the  Project:  Studies  on  the  effects  of 
IPR  on  the  isolated  lens  in  organ  culture  are  underway  to  deter- 
mine whether  the  drug  is  acting  directly  on  lens  epithelial 
cells. 

Honors  and  Awards :   None 

Publications : 

von  Sallmann,  L. ,  and  Grimes,  P. A.:   Isoproterenol  induced 
changes  of  cell  proliferation  in  rat  lens  epithelium. 
Invest.  Ophth.  10:  No.  12,  943-947,  1971. 


24k 


Serial  No . :NDS (I) -71  LNP/GP-1890 

1.  Laboratory  o£  Neurophysiology 

2.  Section  on  General  Physiology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Organization  o£  a  Molluscan  Visual  System 

Previous  Serial  Number:   Same 

Principal  Investigators:   Daniel  L.  Alkon,  M.D. 
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Peter  Detwiler,  Ph.D. 
Leona  M.  Stewart 
None 


Total: 

2.0 

Professional : 

1.6 

Other: 
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Project  Description: 

Objectives :  The  principal  objective  is  to  understand  how 
information  provided  by  light  is  processed  in  a  primitive  eye. 
The  experiments  are  performed  on  Hermissenda  Crassicornis ,  a 
nudibranch  mollusc.   Work  planned  will  concern^  in  addition, 
experiments  on  the  optic  ganglion,  believed  to  contain  second 
order  neurons,  as  well  as  on  higher-order  cells  in  the  brain. 

Methods  Employed:  The  visual  system  of  Hermissenda  Crassi- 
cornis was  chosen  because  of  its  relative  simplicity.   The  eye 
consists  of  five  cells  whose  axons  extend  through  a  small  gang- 
lion of  fourteen  cells.   Intracellular  recording  from  single 
receptor  cells  as  well  as  receptor  cell  pairs  has  been  the 
principal  experimental  technique  used  thus  far.   lontophoretic 
injection  of  a  fluorescent  dye,  Procion  yellow,  is  also  being 
used  to  study  the  anatomy  of  the  system. 

Major  Findings:   All  five  receptor  cells  give  a  depolarizing 
response  to  light.   The  magnitude  of  depolarization  as  well  as 
the  frequency  of  impulse  firing  is  graded  with  the  intensity  of 
the  light.   Data  collected  so  far  indicates  the  presence  of  two 
cells  (Type  A)  with  large  spikes,  high  threshold  of  firing  to 
depolarizing  current  and  pronounced  after-hyperpolarization 
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following  a  bright  flash.   The  three  remaining  cells  (Type  B) 
have  smaller  spikes,  lower  threshold  of  firing  to  depolarizing 
current,  and  long  lasting  after-discharge  following  a  bright 
flash.   In  Type  B  cells,  the  responses  to  bright  flashes  may 
include  oscillations.   Inhibitory  synaptic  interaction  is  present 
in  a  specific  pattern  among  the  five  photoreceptors  (e.g.,  Type  A 
cells  do  not  inhibit  each  other,  Type  B  cells  are  mutually  in- 
hibitory) . 

Work  has  also  been  done  to  characterize  conductance  changes 
of  the  cells  during  illumination  as  well  as  the  spectral  sensi- 
tivity of  the  cells.   The  Dartnall  nomogram  for  rhodopsin  fits 
well  the  action  spectrum  obtained  for  the  visual  cells  studied 
in  our  preparation. 

Further  findings  of  the  past  year  include  the  demonstration 
of  specific  responses  of  the  five  photoreceptors  for  movements  of 
an  image  across  the  eye.   Behavioral  experiments  indicate  the 
ability  of  the  intact  animal  to  avoid  a  moving  shadow. 

Intracellular  recording  from  second  order  cells  reveals  vary- 
ing degrees  of  convergence  from  Type  B  photoreceptors.   The  secondl 
order  cells  usually  discharge  impulses  in  darkness  and  are  hyper- 
polarized  by  light.   The  time  course  delay  of  the  inhibition 
follows  closely  the  activity  of  Type  B  photoreceptors.   A  second 
order  cell,  the  "C"  cell,  responds  to  firing  of  ipsilateral  and 
contralateral  Type  B  photoreceptors  (demonstrated  by  simultaneous 
intracellular  recordings  from  the  "C"  cell,  an  ipsilateral  and  a 
contralateral  Type  B  photoreceptor) . 

The  "C"  cell  inhibits  contralateral  second-order  cells  which 
respond  only  to  ipsilateral  photoreceptor  activity.   No  inter- 
actions were  found  between  ipsilateral  second  order  cells. 

Intracellular  iontophoretic  injection  of  Procion  yellow  has 
provided  histologic  identification -of  Type  A  and  B  photoreceptors 
as  well  as  three  classes  of  second-order  cells.   The  "C"  cell  was 
shown  to  have  two  areas  of  branching,  one  ipsilaterally  (in  the 
region  of  fine  branching  of  the  ipsilateral  photoreceptors) ,  the 
other  contralaterally  (in  the  region  of  fine  branching  of  the 
contralateral  photoreceptors).   The  "C"  cell's  axon  was  observed 
to  travel  approximately  2mm  across  a  main  connective  (linking  the 
two  halves  of  the  Hermissenda  brain)  to  reach  the  contralateral 
neuropile . 

Significance  to  Bio-medical  Research  and  the  Program  of 
the  Institute"   The  visual  system  of  Hermissenda  Crassicornis 
may  be  the  first  preparation  where  careful  definition  of  a  neural 
network  is  possible.   Such  definition  might  contribute  to  our 
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understanding  of  visual  processing  as  well  as  of  neural  organiza- 
tion in  general. 

Proposed  Course  of  the  Project:   Cells  in  the  brain  will  be 
studied.   Identification  of  motor  neurons  which  receive  visual 
input  will  be  attempted. 

Careful  study  of  the  information  exchange  between  the  right 
and  left  eyes  and  second  order  cells  is  planned. 

Honors  and  Awards :   None 

Publications :       None 
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None 

Man  Years : 

Total:         0.8 
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Project  Description: 

Objectives :  To  identify  the  areas  in  the  membrane  of  a 
photoreceptor  cell  in  which  the  electrical  response  originates. 

Methods  Employed;  Microelectrode  recordings,  conductance 
measurements  and  computer  analysis. 

Major  Findings:   In  the  photoreceptors  of  the  Leech,  the 
specialized  microvillar  membrane  surrounds  a  large  vacuole  which 
is  connected  to  the  outside  by  narrow  channels.   Potentials  were 
recorded  in  this  study  both  from  the  cytoplasm  and  from  the 
vacuole.   In  this  way,  separate  measurements  of  the  electrical 
properties  of  the  microvillar  membrane  can  be  obtained.   It  was 
found  that  following  illumination,  a  positive-going  generator 
potential  is  recorded  from  the  cytoplasm  while  the  vacuole  be- 
comes negative  with  respect  to  the  outside.   The  resistance  from 
the  cytoplasm  to  the  outside  was  about  150  Mf2  in  darkness  and 
35  Mf2  at  the  peak  of  the  response. 

Charging  curves  produced  by  steps  of  constant  current  include 
two  time  constants  (almost  5  msec  and  50  msec  in  the  average) . 
The  longer  time  constant  decreases  greatly  during  illumination. 
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Analysis  of  the  results  shows  that  the  observations  are 
consistent  with  the  notion  that  the  response  to  light  is  brought 
about  by  increase  of  conductance  (probably  due  to  specific  in- 
crease of  sodium  permeability)  of  the  microvillar  membrane. 

Significance  to  Bio-medical  Research  and  the  Program  of 
the  Institute;   These  results  provide  a  better  understanding  of 
the  processes  mediating  visual  excitation. 

Proposed  Course  of  the  Project:   This  project  will  be 
terminated. 

Honors  and  Awards :   None 

Pioblications :       None 
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Total:  1.1 
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Other:        0.1 

Project  Description: 

Objectives :   The  program  is  designed  to  elucidate  examples 
of  functional  organization  of  photosensory  systems. 

Methods  Employed:  Current  techniques  of  intracellular  and 
extracellular  recording  from  single  neurons  and  of  intracellular 
dye  iontophoresis  are  utilized. 

Maj  or  Findings :   The  interactions  of  neurons  in  the  verte- 
brate  retina  have  TJeen  investigated.   In  particular  the  contribu- 
tion of  luminosity  horizontal  cells  to  ON-OFF  spike-producing  cells 
has  been  studied.   The  results  indicate  1)  an  excitatory  pathway 
from  receptors  to  ON-OFF  cells  preferentially  actuated  by  small 
fields,  2)  a  peripheral  inhibitory  pathway  from  receptors  to 
ON-OFF  cells  which  does  not  include  horizontal  cells,  3)  an 
excitatory  pathway  from  horizontal  cells  to  ON-OFF  cells,  and 
4)  maintained  desensitization  during  continuous  illumination  of 
distant  receptors  by  a  negative  feedback  of  horizontal  cells 
onto  receptors. 

Significance  to  Bio -medical  Research  and  the  Program  of 
the  Institute:   The  work  should  contribute  to  our  understanding 
of  the  principles  of  anatomic  and  functional  organization  of  the 
nervous  system  and  of  the  retina  in  particular. 
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Proposed  Course  of  the  Project:   This  project  was 
terminated  during  tiscal  year  1972. 

Honors  and  Awards :   None 

Publications:       None 
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Other:         0.0 

Project  Description: 

Objectives ;   To  study  the  development  of  a  newly-discovered 
retinal  degeneration  in  mature  Osborne-Mendel  rats  (of  a  mature 
age) ,  and  to  compare  the  progressive  retinal  destruction  with 
various  forms  of  human  animal  retinal  degenerations. 

Methods  Employed:  The  histopathologic  examination  of  eyes 
of  randomly-mated  and  inbred  Osborne-Mendel  rats  maintained  at 
NIH  was  carried  out  in  animals  of  different  ages.   The  eyes  of 
these  rats  were  processed  according  to  routine  histologic  techni- 
ques.  In  addition,  trypsin-digested  whole  mounts  of  the  retinal 
vasculature  were  prepared. 

Major  Findings:   Retinal  degeneration  occurred  spontaneously 
in  a  large  percentage  of  inbred  and  non-inbred  Osborne-Mendel 
rats .   The  degeneration  appears  to  have  its  onset  at  about  7  to 
9  months  of  age  and  to  increase  in  severity  afterwards.   The 
process  begins  with  focal  degeneration  of  photoreceptors  in  the 
post-equatorial  retina  and  results  in  total  loss  of  receptor 
cells,  followed  by  disruptive  involvement  of  the  inner  retinal 
layers .   Eighteen  of  twenty-eight  rats  between  the  ages  of  7 
and  13  months  exhibited  the  destructive  lesion.   This  degenera- 
tion is  distinguished  from  other  well-studied  hereditary  retinal 
dystrophies  in  animals  by  its  delayed  onset. 
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Proposed  Course  of  the  Project;   The  time  of  onset  of  the 
disease  process  has  to  be  determined  accurately,  so  that  the 
earliest  anatomical  and  functional  disturbances  can  be  studied. 
In  cooperation  with  Dr.  Peter  Gouras ,  NEI ,  studies  are  underway 
to  detect  the  earliest  abnormalities  of  function  by  sequential 
ERG  testing  and  to  relate  these  to  the  morphologic  alterations . 

Honors  and  Awards :   None 

Publications: 

von  Sallmann,  L. ,  and  Grimes,  P.:   Spontaneous  Retinal 
Degeneration  in  Mature  Osborne-Mendel  Rats.   Arch.  Ophth. 
(In  press)  . 
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1.  Laboratory  of  Neurophysiology 

2.  Section  on  General  Physiology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1  ,  1971  through  June  30,  1972 

Project  Title:   Organization  of  a  Molluscan  Central 

Nervous  System 

Previous  Serial  Number:  None 

Principal  Investigators:  Daniel  L.  Alkon,  M.D. 

Other  Investigators :  Anthony  Bak 

Cooperating  Units :  None 

Man  Years : 


Total : 

1.3 

Professional: 

1.3 

Other : 

0.0 

Project  Description: 

Objectives;   The  principal  objective  is  to  define  the  inter- 
actions between  different  receptors  in  primitive  organisms. 

Methods  Employed :   The  statocyst  and  visual  system  of 
Hermissenda  Crassicornis  were  chosen  because  of  their  relative 
simplicity.   Intracellular  recording  from  single  hair  cells, 
photoreceptors  and  visual  second-order  cells  has  been  the  princi- 
pal experimental  technique  used  thus  far. 

Stimulation  of  the  hair  cells  is  accomplished  with  an  elec- 
trostrictive  device  made  of  barium  titanate  which  causes  con- 
trolled and  reproducible  displacement.   The  displacement  pro- 
duces hair  cell  responses  without  appreciably  disturbing  the 
intracellular  electrode. 

Major  Findings;   Displacement  of  the  statocyst  produces  in 
the  hair  cells  generator  potentials  with  superposed  spikes.   The 
response  increases  with  the  magnitude  of  the  displacement.  Photo- 
receptors and  second  order  cells  gave  no  response  to  these  vibra- 
tory stimuli.   When  the  fluid  was  removed  from  the  statocyst  a 
much  larger  displacement  was  required  for  a  hair  cell  response 
and  often  no  response  occurred  in  these  conditions.   The  response 
is  accompanied  by  a  large  increase  in  conductance.   Occasionally 
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hair  cell  responses  were  biphasic.   The  first,  depolarizing 
phase  was  abolished  by  depolarizing  the  cell  approximately  20mV. 
The  second,  hyperpolarizing  phase  was  seen  to  reverse  by  hyper- 
polarizing  the  cell  approximately  20mV. 

Almost  all  hair  cells  respond  to  light  with  a  brief  hyper-  ^i 
polarization  followed  by  a  depolarization  with  increased  spike  ^l 
frequency.   This  increased  spike  frequency  often  lasted  5-10 
sec.  flash  of  light. 

Simultaneous  intracellular  recording  from  a  hair  cell  and 
a  photoreceptor  revealed  unidirectional  inhibition  either  from 
hair  cell  to  photoreceptor  or  vice-versa.   Type  A  cell  photorecep- 
tors (the  large  spiking  cells)  were  most  frequently  connected 
with  the  hair  cells.   Unidirectional  inhibition  from  second  order 
visual  cells  to  the  hair  cells  was  also  seen. 

Significance  to  Bio-medical  Research  and  the  Program  of 
the  Institute:   The  visual  system  and  statocyst  system  (analogous 
to  mammalian  vestibular  systems)  may  be  the  first  preparation 
where  definition  of  intersensory  information  exchange  is  possible. 
Such  definition  might  contribute  to  our  understanding  of  the 
visual  and  vestibular  processes  and  their  interactions  as  well  as 
to  neural  organization  in  general. 


Proposed  Course  of  the  Project;   Once  the  interconnections  of 
first  and  second  order  visual  and  hair  cells  have  been  established 
experiments  are  planned  to  further  test  the  mechanisms  of  inter- 
sensory information  exchange.   Particular  emphasis  will  be  placed 
on  the  effects  of  ipsilateral  and  contralateral  visual  stimulation 
on  hair  cell  responses. 

Honors  and  Awards :   None 

Publications:       None 
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1.  Laboratory  of  Neurophysiology 

2.  Section  on  General  Physiology 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Studies  of  Neural  Organization  of  the  Vertebrate 

Retina 

Previous  Serial  Number:  None 

Principal  Investigator:  Elliott  J.  Simon,  M.D. 

Other  Investigators:  M.G.F.  Fuortes ,  M.D. 

Cooperating  Units :  None 

Man  Years : 

Total:  1.4 
Professional:  1.4 
Other:         0.0 

Project  Description: 

Objectives:  This  project  is  concerned  with  the  elucidation 
of  mechanisms  by  which  electrical  responses  to  light  stimuli  are 
processed  and  modified  in  the  vertebrate  retina. 

Methods  Employed:   The  retina  of  the  turtle  (Pseudemys 
scripta  elegans)  has  been  chosen  as  the  experimental  preparation 
because  the  anatomy  of  its  synaptic  connections  and  the  physiology 
of  its  photoreceptors  have  been  carefully  elucidated  by  prior 
investigators.   Microelectrodes  are  used  for  recording  the  activity 
of  single  cells  during  light  stimulation  and  for  identification 
of  these  cells  by  dye  iontophoresis . 

Major  Findings:   Horizontal  cells  are  second  order  retinal 
I  neurons  which  are  remarkable  for  the  large  area  over  which  they 
;  are  sensitive  to  light.   The  luminosity  type  horizontal  cell  which 
I  has  a  hyperpolarizing  response  to  all  wavelengths  of  light  has 
^ been  shown  by  others  to  have  several  important  functions.   Among 

these  are  mediation  of  negative  feedback  onto  receptor  cells  and 
I   excitation  of  ganglion  cells.   Cells  which  perform  these  tasks 

are  known  to  summate  light  over  areas  of  retina  much  greater  than 

their  anatomic  extent. 

Experiments  performed  in  this  study  have  identified  two  types 
of  horizontal  cell  in  the  turtle.   These  cells  differed  both  in 
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receptive  field  and  in  morphology.   One  type  had  thick,  tuberous 
processes  and  corresponded  to  the  cells  described  above  in  that 
they  summated  light  over  large  areas  of  retina.   The  other  type 
had  small  cell  bodies  and  thin  processes.   These  had  a  receptive 
field  much  smaller  than  any  previously  described.   The  role  of 
these  cells  in  visual  processing  is  presently  totally  unknown. 

Significance  to  Bio-medical  Research  and  the  Program  of  tiie 
Institute:   There  are  few  vertebrate  preparations  which  are 
simple  enough  to  permit  the  detailed  cellular  investigations 
necessary  to  elucidate  principles  of  organization  of  the  central 
nervous  system.   The  vertebrate  retina  is  one  of  these.   There 
are  only  five  basic  neuronal  types  in  it,  and  their  synaptology 
has  been  carefully  described  by  electron  microscopy.   The  work 
of  prior  investigators  has  given  us  a  good  understanding  of  the 
input  to  the  systems  (photoreception)  and  its  output  (optic 
nerve  information) .   Mechanisms  which  transform  one  set  of  in- 
formation into  the  other  lie  with  the  retinal  interneurons  — 
the  horizontal,  bipolar,  and  amacrine  cells.   Studies  in  this 
project  are  designed  to  investigate  these  mechanisms. 

Proposed  Course  of  the  Project:   The  project  is  designed  to 
further  investigate  the  properties  of  retinal  interneurons. 
Specifically,  we  will  investigate  responses  of  bipolar  cells 
under  stimulus  conditions  which  generate  precisely  known  photo- 
receptor and  horizontal  cell  responses.   This  will  permit  de- 
ductions to  be  made  concerning  the  information  processing  func- 
tions of  these  cells.   In  addition,  we  will  further  investigate 
the  nature  of  the  small  field  horizontal  cells  to  try  to  clarify 
their  role  in  visual  processing. 

Honors  and  Awards :   None 

Publications :   None 
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1.  Laboratory  o£  Neurophysiology 

2.  Section  on  Neuronal  Interactions 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Comparative  Physiology  of  Invertebrate 

Photoreceptors 

Previous  Serial  Number:   NDS(I)-71  LNP/GP-1892 

Principal  Investigator:   John  S.  McReynolds,  M.D. 

Other  Investigators:     Anthony  L.F.  Gorman,  Ph.D. 

Cooperating  Units:       Division  of  Special  Mental  Health 

Research,  NIMH,  St.  Elizabeths  Hospital 

Man  Years : 

Total:  1.3 
Professional:  1.3 
Other:        0.0 

Project  Description: 

Objectives :   To  study  the  mechanisms  by  which  light  is  trans- 
forme  3~Tnto~eTectrical  signals,  and  how  this  information  is  trans- 
mitted to  higher-order  cells  in  the  nervous  system.   In  particu- 
lar, this  is  a  comparative  study  of  the  ways  in  which  different 
types  of  photoreceptors  generate  and  use  both  depolarizing  and 
hyperpolarizing  responses  to  light. 

Methods  Employed:  This  project  has  begun  by  studying  possible 
correlations  between  structure  and  "function  in  several  types  of 
invertebrate  eyes,  using  both  electron  microscopy  and  intracellu- 
lar recording  with  microelectrodes .   The  photoreceptors  of  four 
species  have  been  studied:   Amaroucium  constellatum  (phylum 
chordata)  ;  Salpa  democratica  [phylum  chordata)  ;  Li"ma  scabra 
(phylum  mollusca) ;  Pecten  irradians  (phylum  mollusca) .  During  the 
current  year  we  have  investigated  the  ionic  basis  of  the  hyper- 
polarizing receptor  potentials  by  recording  the  responses  in  pre- 
parations kept  in  solutions  of  different  ionic  concentrations. 

Major  Findings :  Earlier  work  has  shown  that  the  above  men- 
tioned  invertebrate  species  have  photoreceptors  which  respond  to 
light  with  a  hyperpolarizing  potential,  as  do  vertebrate  photo- 
receptors.  This  is  in  contrast  to  the  majority  of  invertebrate 
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photoreceptors,  which  respond  to  light  with  a  depolarization. 
Although  the  cone  response  appears  to  be  due  to  a  decrease  in 
Na"*"  permeability,  nothing  is  known  about  the  ions  involved  in 
the  hyperpolarizing  responses  o£  invertebrate  photoreceptors. 
We  have  previously  shown  that  the  hyperpolarizing  receptor  poten- 
tial o£  the  distal  photoreceptor  cells  of  the  mollusc  Pecten 
irradians  is  associated  with  an  increase  in  membrane  conductance , 
with  a  reversal  potential  near  -80  mV.   We  have  now  developed  a 
technique  for  changing  the  ionic  composition  of  the  fluid  surround- 
ing these  small  cells  while  recording  of  membrane  potential  and 
responses  to  light.   Complete  replacement  of  extracellular  CI" 
ions  with  impermeant  anions  had  negligible  effect  on  either  the 
resting  potential  or  the  response  to  light.   By  contrast,  the 
potential  reached  by  the  light  response  varied  inversely  with 
log  external  K"^  concentration  over  a  wide  range.   The  resting, 
or  dark,  potential  also  varied  inversely  with  log  external  K"*" 
concentration,  but  the  slope  of  the  relationship  was  much  less 
steep.   Replacement  of  external  Na"*"  by  impermeant  cations  made 
the  resting  potential  more  negative,  thereby  reducing  the  size 
of  the  response  to  light.   However,  the  absolute  potential 
reached  by  the  response  was  not  significantly  altered  by  removal 
of  extracellular  Na* .  ,The  tentative  conclusion  is  that  the 
membrane  potential  is  kept  at  a  low  value  in  the  dark  by  a 
relatively  high  sodium  conductance,  while  the  response  to  light 
is  due  primarily  to  an  increase  in  conductance  to  potassiiom  ions. 

Significance  to  Bio-medical  Research  and  the  Program  of 
the  InstituteT  One  of  the  important  gaps  in  our  present  under- 
standing of  sensory  physiology  concerns  the  basic  mechanisms  of 
receptor  signaling.   The  results  of  these  studies  help  to  further 
our  knowledge  of  how  signals  are  generated  and  transmitted  by 
the  receptors. 

Proposed  Course  of  the  Project:   1.  The  preliminary  ionic 
studies  described  above  are  being  continued  to  provide  a  more 
detailed  and  complete  understanding  of  the  ionic  mechanisms  in- 
volved in  the  resting  potential  and  receptor  potential.  2.  Work 
begun  on  the  photoreceptors  of  the  primitive  chordate  Salpa 
(described  in  previous  annual  report)  was  not  extended  this  year 
due  to  unavailability  of  animals.   If  possible,  these  studies 
will  be  completed  during  the  summer  months. 

Honors  and  Awards :   None 

Publications:       None 
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1.  Laboratory  of  Neurophysiology 

2.  Section  on  Neuronal  Interactions 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Synaptic  Transmission  Between  Photoreceptors 

and  Horizontal  Cells  in  the  Turtle  Retina 

Previous  Serial  Number:  Same 

Principal  Investigator:  Luigi  Cervetto,  M.D. 

Other  Investigators:  Edward  F.  MacNichol,  Jr.,  Ph.D. 

Cooperating  Units :  None 

Man  Years : 

Total:  1.5 
Professional:  1.4 
Other:         0.1 

Project  Description: 

Objectives :  The  objective  of  this  research  is  to  study  the 
mechanism  of  excitation  and  transmission  in  photoreceptors  and 
horizontal  cells. 

Methods  Employed:   Retinae  were  maintained  in  a  perfusion 
chamber  while  the  intracellular  responses  and  gross  ERG  were 
recorded.   This  technique  allows  the  study  of  presumptive 
synaptic  transmitters ,  blocking  agents  and  the  effect  of  differ- 
ent ionic  compositions  on  the  responses  of  retinal  cells. 

The  actions  of  Na-L-Aspartate  and  Na-L-Glutamate  on  intra- 
cellularly  recorded  responses  of  receptors  and  horizontal  cells 
were  studied. 

Major  Findings:   It  was  found  that  both  Na-L-Aspartate  and 
Glutamate  suppress  the  b  wave  of  the  ERG.   The  horizontal  cells 
were  depolarized  and  their  responses  to  light  were  abolished. 
The  resting  membrane  potential  of  receptors  and  their  response 
to  a  small  spot  of  light  were  little  affected  by  the  two  agents. 
These  two  amino  acids ,  however,  abolished  the  delayed  depolariza- 
tion which  is  normally  superimposed  upon  the  hyperpolarizing 
receptor  response  when  a  large  spot  of  light  is  used. 
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Significance  to  Bio-medical  Research  and  the  Program  pf 
the  Institute:   This  study  provides  information  about  the  func- 
tion of  the  synaptic  connections  between  receptor  and  horizontal 
cells.   The  results  we  have  already  obtained  suggest  that  the 
two  amino  acids  eliminate  the  feedback  between  receptors  and 
horizontal  cells  by  blocking  the  synaptic  transmission  from 
receptor  to  the  horizontal  cells . 

Proposed  Course  of  the  Project:   The  present  approach  will 
be  continued  and  special  attention  will  be  devoted  at  the  ionic 
mechanisms  responsible  for  the  excitation  and  transmission  in 
receptors  and  horizontal  cells. 

Honors  and  Awards :   None 

Publications :       None 
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1.  Laboratory  of  Neurophysiology 

2.  Section  on  Neuronal  Interactions 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Studies  on  Visual  Pigments  Situated  in 

Single  Receptors  of  the  Frog  Retina 

Previous  Serial  Number:  Same 

Principal  Investigators:   Ferenc  I.  Harosi,  Ph.D. 

Othsr  Investigators:      Edward  F.  MacNichol,  Jr.,  Ph.D. 

Cooperating  Units :        None 

Man  Years : 


Total: 

1.6 

Professional : 

1.5 

Other: 

0.1 

Project  Description: 

Objectives:   The  project  is  aimed  at  gaining  insight  into 
the  molecular  events  associated  with  visual  excitation  in  the 
photoreceptors  of  a  vertebrate. 

Methods  Employed:   Microspectrophotometry  of  isolated  frog 
rods  and  goldfish  cones. 

Major  Findings :   Improved  instrumentation  and  flash  photolysis 
of  visual  pigments  revealed  the  following:   In  red  rods  of  the 
frog.   1)  rhodopsin  shows  transverse  orientation  in  situ  which 
is  more  dichroic  in  the  visible  spectrum  (ratio:   4-5  at  500  nm) 
than  in  the  near-ultraviolet  (ratio:  1-2  at  325-400  nm)  . 

2)  the  first  detectable  post-bleach  intermediate  (on  a  time 
iscale  of  seconds  and  at  20 °C)  peaks  at  380  nm;  it  is  transversely 
idichroic  in  a  ratio  which  is  at  least  as  high  as  the  main  rhodop- 
,sin  peak  was  before  bleaching. 

3)  a  second  transversely  dichroic  peak  at  480  nm  can  be 
detected  under  most  conditions. 

4)  in  fresh  cells  an  axially  dichroic  intermediate  accumu- 
lates with  Amax  =  330-335  nm. 
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5)  in  aged  cells  the  final  axially  dichroic  intermediate 
peaks  at  longer  wavelengths  (in  the  range  of  365-450  nm)  . 

6)  the  calcium  ion  concentration  of  the  suspending  medium 
affects  the  equilibrium  constants  between  the  post-bleach 
intermediates . 

7)  in  cells  of  fresh  and  moderately  old  preparations,  the 
chromophores  remain  oriented;  they  become  randomized  only  in 
old  cells. 

In  the  green  rods  of  the  frog : 

1)  the  pigment  has  a  peak  absorption  at  about  435  nm  and  is 
transversely  dichroic  like  rhodopsin. 

2)  in  this  cell  only  one  transversely  dichroic  post-bleach 
intermediate  can  be  detected  at  about  380  nm;  it  then  turns 
axial  in  the  course  of  conversion  into  another  substance  absorb- 
ing at  about  330-335  nm. 

In  goldfish  cones : 

1)  most  observations  of  Marks  (1963,  1965)  were  confirmed. 

2)  a  cone  outer  segment  contains  only  one  of  the  three  type! 
of  visual  pigments, 

3)  each  of  these  pigments  show  transverse  dichroism  in  a 
ratio  of  about  3:1. 

4)  the  first  detectable  photoproduct  in  all  cones  peaks  at 
about  405  nm;  these  chromophores,  however,  appear  to  turn  out 
of  the  transverse  planes  very  rapidly. 

5)  in  fresh  cones,  a  second  axially  dichroic  peak  forms  at 
about  355  nm. 

The  main  differences  between  rod  and  cone  pigments  are: 

a)  the  interconversion  of  photoproducts  proceeds  much 
faster  in  cones  than  in  rods  vinder  similar  conditions; 

b)  cones  are  more  delicate  than  rods  in  a  sense  that  their 
chromophores  randomize  easier  even  in  normal  salt 
solutions. 
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Significance  to  Bio-medical  Research  and  the  Program  of 
the  Institute:  The  association  of  the  prosthetic  group  with 
visual  pigment  proteins  is  important  in  understanding  visual 
excitation. 

Proposed  Course  of  the  Project:   1)  To  investigate  the 
effect  of  temperature  on  the  bleaching  cycle.   2)  To  study  the 
kinetics  in  the  presence  of  hydroxylamine  and  in  EGTA-calcium 
buffered  media.   3)  To  measure  smaller  visual  cells  of  rats, 
guinea  pigs  and  primates . 

Honors  and  Awards :   None 

Publications :   None 
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1.  Laboratory  of  Neurophysiology 

2.  Section  on  Neuronal  Interactions 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Photoreceptor  System  of  the  Hard-Shell  Clam 

Previous  Serial  Number:   Same 

Principal  Investigator:   Michael  L.  Wiederhold,  Ph.D. 

Other  Investigators:     Edward  F.  MacNichol,  Jr.,  Ph.D. 

Cooperating  Units:       None 

Man  Years : 


Total: 

1.5 

Professional : 

1.4 

Other: 

0.1 

Project  Description: 

Objectives :   These  experiments  were  undertaken  to  study  a 
sensory  receptor  exhibiting  primary  inhibition. 

Methods  Employed:  Axons  in  the  siphonal  nerve  of  the  hard- 
she  ll~cranr7~MeTcenarTa  Mercenaria,   fire  impulses  when  the 
illumination  is  reduced"   The  responses  of  single  axons  were 
studied  using  suction  electrodes.   The  photoresponsive  axons  in 
the  siphonal  nerve  may  be  the  axons  of  photoreceptor  cells 
located  in  the  siphon.   Attempts  have  been  made  to  penetrate  the 
photoreceptors  with  microelectrodes .   This  has  proven  technically 
difficult,  partly  because  of  lack  of  anatomical  knowledge  of  this 
system.   To  alleviate  the  latter  problem,  anatomical  techniques 
for  injecting  fluorescent  dye  down  an  axon  to  its  cell  body  are 
being  developed.   This  would  allow  one  to  trace  the  photoreceptive 
axon  back  to  the  cell  body,  to  identify  and  locate  the  receptor 
and  then  to  determine  whether  penetration  of  the  receptors  with 
microelectrodes  is  feasible.   This  techinque  is  being  developed 
using  the  optic  nerve  of  the  horseshoe  crab,  Limulus . 

Major  Findings:   The  photoreceptive  axons  of  Mercenaria  pro- 
duce spikes  only  when  the  light  is  dimmed.   In  a  dark-adapted 
preparation  there  is  little  or  no  ongoing  activity.   Although  the 
response  is  of  the  "pure  off"  type,  the  number  of  spikes  in  an 
off-response  and  their  frequency  are  strongly  related  to  the 
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previous  history  o£  illumination  -  the  brighter  the  light  and 
the  longer  it  has  been  on,  the  greater  is  the  o££-response .   If 
the  preparation  is  kept  in  total  darkness  for  some  time,  the  off- 
response  to  a  brief  flash  is  smaller  and  has  a  longer  latency  than 
when  an  identical  flash  is  delivered  to  a  light-adapted  prepara- 
tion.  The  receptive  area  of  a  single  axon  can  be  localized  to  ai 
circle  of  about  85pm  diameter  on  the  inner  siphon  wall,  which   ' 
indicates  that  each  axon  innervates  only  one  receptor.   To  date 
the  technique  of  electrophorescing  dye  down  axons  has  not  been 
successful  enough  to  furnish  new  information  on  the  anatomy  of 
the  clam  photoreceptors.   Recent  electronmicroscopic  studies  done 
in  collaboration  with  Dr.  Allen  Bell  at  the  Marine  Biological 
Laboratory,  Woods  Hole,  Mass.,  indicate  that  phototransduction 
occurs  in  the  fine  terminals  of  axons  of  the  siphonal  nerve. 

Significance  to  Bio-medical  Research  and  the  Program  of 
the  Institute:   This  system  is  interesting  physiologically  in 
that  its  responses  seem  to  be,  in  many  ways,  the  inverse  of 
those  occurring  in  most  photoreceptors:  it  responds  to  the  re- 
moval of  a  stimulus  and  its  responsiveness  increases  with  light 
adaptation.   If  the  axons  we  have  studied  belong  to  the  receptor 
rather  than  to  second  order  cells,  this  preparation  offers  an 
opportunity  to  study  the  mechanism  of  primary  inhibition. 

i 
Proposed  Course  of  the  Project:   Due  to  the  anatomical  find- 
ings cited  above,  the  technical  difficulties  involved  in  attempt- 
ing to  penetrate  these  axons  with  microelectrodes  seems  insur- 
mountable with  present  techniques.   A  paper  describing  our  find- 
ings is  now  in  preparation.   This  project  will  be  terminated  with 
the  completion  of  this  paper. 

Honors  and  Awards :   None 

Publications:       None 


48k 


Serial  No. :NDS (I) -71  LNP/NI-1934 

1.  Laboratory  of  Neurophysiology 

2.  Section  on  Neuronal  Interactions 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Electroencephalograph  Calibrator  for  Use  in 

Determining  Electrocerebral  Silence 

Previous  Serial  Number:   Same 

Principal  Investigator:   Edward  F.  MacNichol,  Jr.,  Ph.D. 

Other  Investigators :      None 

Cooperating  Units:   Technical  Development  Section  NIMH/NINDS 

Electroencephalography  Branch 
Office  of  Biometry 
Office  of  Information 

Man  Years : 


Total: 

Less  than  0.1 

Professional : 

Less  than  0.1 

Other: 

0 

Project  Description: 

Objectives :   1)  The  development  of  a  method  and  device  for 
use  in  cases  of  suspected  cerebral  death  to  evaluate  the  condition 
of  the  entire  EEC  system  including  the  application  of  the  elec- 
trodes to  the  patient  in  order  to  assure  that  electrical  activity 
larger  than  a  preassigned  value  (2  microvolts)  would  be  recorded 
if  present;  the  evaluation  of  the  method  and  device. 

Methods  Employed:  Absence  of  a  recognizable  trace  that  indi- 
cate s^erectrcrcereBrar  activity  on  the  EEC  record  is  a  negative 
criterion  that  can  be  caused  Ijy  factors  other  than  electrocerebral 
silence  such  as  equipment  malfunction,  or  a  high  ambient  level  of 
electrical  interference  which  would  mask  the  EEC  signal.   There- 
fore an  objective  method  of  determining  whether  or  not  electro- 
cerebral activity  would  be  recorded  if  present  is  badly  needed. 
Furthermore,  electrocerebral  silence  is  an  important  criterion 
upon  which  a  decision  to  terminate  resuscitative  measures  is 
based.   Medico  legal  questions  are  involved,  particularly  when 
the  patient  is  a  potential  donor  of  vital  organs. 
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An  initial  attempt  to  furnish  a  test  signal  that  would  check 
the  entire  system  was  the  development  o£  a  constant  current  square 
wave  generator  having  a  frequency  of  about  IHz  that  would  inject 
a  signal  between  chin  and  vertex  of  the  patient.   A  pilot  model 
of  this  device  (Injector)  was  built  by  the  Technical  Development 
Section  and  tested  on  a  series  of  patients  in  the  Electroencephalo- 
graphy Branch.   The  ratios  of  output  potential  in  various  lead 
pairs  to  input  current  was  measured. 

Major  Findings :   Analyses  of  the  records  by  the  Office  of 
Biometry  indicate  a  large  variation  in  output  between  different 
leads  on  the  same  patient  and  within  identical  leads  on  different 
patients.   Thus  the  presence  of  a  tracing  on  a  given  channel  shows 
that  the  system  is  working  and  that  the  electrodes  are  functionall) 
connected  to  the  patient,  but  does  not  provide  a  knovm  calibrating 
signal  to  compare  with  the  amplitude  of  the  EEC.   A  commercial 
version  of  this  device  developed  independently  by  the  Grass  Instru- 
ment Company,  is  being  made  available  to  investigators  for  evalua- 
tion. 

In  order  to  provide  a  calibrating  signal  a  closed  transformer 
core  with  a  primary  winding  is  used.   One  of  each  pair  of  EGG 
leads  is  threaded  through  the  aperture  in  the  core  and  a  suitable 
waveform  applied  to  the  primary  to  induce  a  IHz  square  wave  of 
known  amplitude  in  each  single  turn  secondary.   Since  the  half 
period  of  the  IHz  square  wave  is  much  below  the  L/R  time  constant 
of  the  primary  the  transformer  takes  the  time  derivative  of  the 
input  waveform,  which  is  therefore  a  symmetrical  ramp  function. 
This  is  generated  by  a  square  wave  input  which  is  compared  with 
the  output  of  a  feedback  winding  on  the  core. 

This  device  (Inductor)  was  built  and  tested.   It  gives  a 
satisfactory  calibrating  signal  and  tests  the  entire  system  includ 
ing  the  leads.   It  does  not  indicate  whether  the  leads  are  in  good 
contact  with  the  patient's  scalp. 

To  determine  whether  the  leads  are  connected  to  the  patient's 
scalp  and  to  provide  a  known  calibrating  signal  both  devices  are 
needed.   A  combined  device  has  been  constructed  by  the  Technical 
Development  Section.   It  is  currently  being  evaluated.   The  in- 
duced potential  and  injected  current  waveforms  are  generated  in 
sequence  at  programmed  intervals  so  that  they  are  automatically 
displayed  on  the  EEG  record. 

A  working  model  of  the  combined  device  using  a  doll  with 
. conductive  material  inside  its  head  instead  of  a  patient  is  being 
prepared  for  exhibit  by  the  Office  of  Information. 

Eight  other  prototypes  are  being  constructed  by  the 
Technical  Development  Section. 
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Significance  to  Bio-medical  Research  and  the  Program  of 
the  Institute:   The  NiNDS  Council  has  urged  the  Institute  to 
undertake  a  study  of  cerebral  death.   This  study  is  entering  its 
pilot  phase  in  six  collaborating  institutions.   It  is  hoped  that 
the  prototype  units  can  assist  this  study  by  providing  indica- 
tions of  the  functional  state  of  the  EEC  systems  to  those  who  will 
evaluate  the  records. 

Proposed  Course  of  the  Project:  The  Technical  Development 
Section  has  constructed  six  units  which  have  been  sent  for  field 
evaluation.   A  patent  application  has  been  completed.   Further 
efforts,  if  any,  await  results  of  field  evaluation. 

Honors  and  Awards :   None 

Publications:       None 
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1.  Laboratory  of  Neurophysiology 

2 .  Section  on  Neuronal  Interactions 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Statocyst  Receptor  Physiology 

Previous  Serial  Number:   None 

Principal  Investigator.   Michael  L.  Wiederhold,  Ph.D. 

Other  Investigators :      None 

Cooperating  Units :        None 

Man  Years : 

Total:  1.0 
Professional:  1.0 
Other:         0.0 

Project  Description: 

Objectives :  These  experiments  were  undertaken  to  study 
ciliated  mechanoreceptors  analogous  to  the  hair  cells  of  the 
mammalian  inner  ear  and  vestibular  system. 

Methods  Employed:   Most  invertebrate  animals  possess  some 
form  of  statocyst,  an  organ  which  senses  gravitational  forces 
and  is  used  by  the  animal  to  orient  with  respect  to  a  terrestrial 
frame  of  reference.   These  organs  are  analogous  to  the  semicircu- 
lar canal  system  of  mammals.   In  the  molluscs  the  receptor  cells 
bear  cilia  whose  fine  structure  appears  similar  to  that  of  the 
cilia  of  the  hair  cells  of  the  mammalian  inner  ear  and  semicircu- 
lar canals.   Thus,  it  is  hoped  that  these  simple,  more  accessible 
receptors  will  provide  a  useful  model  for  the  functions  of  the 
receptors  in  more  advanced  animals.   Ciliated  statocyst  receptors 
are  being  studied  in  the  marine  mollusc,  Aplysia  Californica 
using  intracellular  electrophysiological  techniques .   Techniques 
are  being  developed  to  stimulate  the  statocyst  cells  in  a  con- 
trolled manner. 

Major  Findings;   Intracellular  recordings  have  been  made 
from  a  number  of  statocyst  receptors  in  Aplysia.   The  cells  re- 
spond to  tilting  of  the  whole  preparation  with  a  depolarization, 
which  if  of  sufficient  amplitude,  generates  spike  activity. 
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This  depolarization  is  associated  with  a  decreased  membrane  resis- 
tance.  The  input  resistance  of  these  receptors  has  been  observed 
to  decrease  by  as  much  as  40%  when  they  are  stimulated.   The 
passive  current-voltage  characteristics  of  the  receptor  is  also 
being  studied.   Most  cells  in  a  healthy  preparation  have  an  input 
resistance  of  from  20  to  40  megohms  and  time  constant  of  approxi- 
mately 5  msec. 

Significance  to  Bio-medical  Research  and  the  Program  of 
the  Institute;   Similarities  in  fine  structure  suggest  that  the   I 
functions  of  these  receptors  are  similar  to  those  of  the  mammalian" 
inner  ear  and  vestibular  system.   Due  to  the  extreme  technical 
difficulties  of  studying  the  latter  directly,  little  information 
is  available  concerning  the  functions  of  mammalian  hair  cells . 
The  larger  and  more  accessible  receptors  in  Aplysia  provide  the 
possibility  to  study  directly  the  changes  in  the  receptor  cell 
membrane  brought  about  by  deformation  of  the  sensory  cilia  which 
lead  to  excitation.   If  the  ototoxic  drugs  such  as  Kanamycin  and 
Streptomycin  also  affect  this  system,  the  statocyst  will  also 
provide  the  possibility  of  studying  the  physiological  effect  of 
these  drugs . 

Proposed  Course  of  the  Project:   Development  will  continue 
on  attempting  to  inject  magnetic  material  into  the  lumen  of  the 
statocyst  in  contact  with  the  sensory  cilia.   If  this  can  be 
accomplished  a  variable  applied  magnetic  field  will  provide  the 
controlled  stimulus  desired.   It  is  also  planned  to  test  for  the 
presence  of  an  efferent  innervation  of  the  statocyst  receptors 
and  to  test  the  effects  of  the  ototoxic  drugs. 

Honors  and  Awards :   None 

Publications :       None 
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National  Institute  of  Neurological  Diseases  and  Stroke 

William  J.  Adelman,  Jr.,  Ph.D.,  Chief 


The  Laboratory  of  Biophysics  had  a  new  chief  appointed  in  September, 
1971.   In  addition  to  initiating  new  programs,  this  appointment  has  resulted 
in  the  continuation  of  a  number  of  investigations  begun  some  eight  years  ago 
within  the  Department  of  Physiology,  School  of  Medicine,  The  University  of 
Maryland . 

The  over-all  research  program  of  the  Laboratory  has  been  concerned  with 
uncovering  basic  mechanisms  associated  with  nerve  membrane  activity.   This 
program  has  involved  the  study  of  natural  excitable  membranes,  artificial 
membrane  systems,  and  mathematical  models.   A  number  of  new  approaches  have 
been  undertaken  making  use  of  a  variety  of  physical  techniques.   In  addition, 
the  Laboratory  staff  has  been  active  in  a  number  of  related  areas.   Four  major 
reviews  have  been  written  and  are  in  press  in  "Annual  Reviews  of  Biophysics 
and  Bioengineering",  "Current  Topics  in  Membranes  and  Transport",  "Future 
Directions  in  the  Life  Sciences"  (celebrating  the  Silver  Anniversary  of  the 
AIBS) ,  and  in  "Actualities  Neurophysiologiques".   After  a  short  time  out-of- 
print,  the  second  printing  of  "Membranes,  Ions  and  Impulses"  (1968),  with 
minor  corrections,  is  complete  and  bound  copies  were  received  in  April. 
Following  the  Japanese  translations,  a  Spanish  translation  is  underway. 
"Biophysics  and  Physiology  of  Excitable  Membranes",  was  published  in  October, 
1971,  with  articles  by  four  members  of  the  Laboratory  staff.   All  of  these 
participated  in  the  training  course  with  the  same  title  given  for  the  third 
year  at  The  Marine  Biological  Laboratory,  Woods  Hole,  Massachusetts.   In 
connection  with  the  25th  Anniversary  of  the  Institute  de  Biofisica  at  Rio,  a 
monograph  has  been  submitted.   It  is  also  planned  to  reprint  "Four  Lectures 
in  Biophysics"  which  was  the  first  publication  of  the  Institute  in  1947.   Dr. 
Cole  was  elected  a  Foreign  Member  of  The  Royal  Society. 

The  research  program  of  the  Laboratory  is  stommarized  below. 

The  experimental  program  of  the  Laboratory  of  Biophysics  during  the 
past  year  has  been  expanded  to  include  a  number  of  new  projects  and  an 
enlargement  of  the  scope  of  several  older  projects.   Coupled  with  the  sub- 
stantial number  of  projects  carried  over  from  the  previous  year  this  has 
resulted  in  about  a  two-fold  increase  in  the  over-all  Laboratory  program. 

The  new  projects  undertaken  include  a  study  of  the  state  of  intra- 
cellular water.   This  study  has  made  use  of  electronparamagnetic  resonance 
(EPR)  of  spin  labels  incorporated  into  single  muscle  fibers.   The  study  shows 
that  as  much  as  75%  of  the  cell  water  is  in  the  liquid  or  "free"  state  and 
that  only  25%  or  less  of  this  water  is  "bound"  or  in  a  semi-solid  state.   The 
75%  fraction  was  found  to  have  a  viscosity  five  times  that  of  pure  water.   As 
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most  theories  on  the  activity  of  intracellular  salts,  metabolites  and  macro- 
molecules  presumes  a  knowledge  of  the  state  of  intracellular  water,  this 
study  is  of  great  significance.   It  is  particularly  important  as  so  much  of 
modern  neurophysiology  has  been  built  on  the  assumption  that  intracellular 
water  is  in  a  liquid  state. 

Another  new  line  of  endeavor  undertaken  by  the  Laboratory  during  the 
past  year  has  been  the  incorporation  and  application  of  on-line  automatic 
data  processing  (ADP)  equipment  to  help  solve  a  number  of  previously  difficult 
scientific  problems.   In  addition,  when  coupled  with  older  techniques,  these 
new  ADP  methods  increase  the  efficiency  of  data  collection  and  analysis  in 
the  study  of  the  excitable  nerve  membrane.   While  previously  limited  to  the 
study  of  the  membrane  conductances  of  the  squid  giant  axon,  the  computer 
controlled  voltage  clamp  ADP  system  has  been  successfully  applied  to  the  study 
of  the  membrane  of  the  giant  axon  of  Myxicola  infunibulum. 

ADP  equipment  and  techniques  have  figured  prominently  in  the  design  and 
instrumentation  of  experiments  to  study  rapid  fluorescence  changes  associated 
with  the  gating  of  membrane  ion  conductances  as  a  function  of  the  electric 
field.   While  this  new  project  is  in  the  planning  and  tooling-up  stage,  the 
exciting  light  source  and  the  photomultiplier  system  used  to  record  the  photon 
emission  from  fluorescent  dyes  used  to  probe  the  excitable  membrane  structure 
have  been  designed  and  built.  As  it  is  expected  that  fluorescence  changes 
from  these  dyes  associated  with  membrane  activity  will  be  much  less  than  1% 
of  the  total  fluorescence,  an  averaging  technique  to  detect  these  small  changes 
has  been  studied  and  specified.   A  request  for  proposals  to  supply  the  required 
ADP  equipment  and  associated  mini-computer  used  for  on-line  control  and 
analyses  has  been  recently  sent  out  to  prospective  vendors. 

Another  new  project  involves  the  study  of  fluctuations  in  conductance 
from  small  patches  of  isolated  membrane  on  the  surface  of  tissue  cultured 
neurons.   These  studies  were  derived  from  previous  studies  on  squid  giant  axon 
membrane  and  are  on  based  experimental  and  analytical  techniques  developed 
through  the  study  of  lipid  bilayer  membranes.   While  only  preliminary  experi- 
ments have  been  carried  on,  protocols  have  been  designed  and  the  necessary 
equipment  for  continuation  of  this  study  has  been  obtained.   It  is  expected 
that  these  small  conductance  fluctuations  may  represent  individual  ionic 
channel  openings  and  closures.   It  is  expected  that  this  study  will  enable  the 
Laboratory  to  converge  on  the  molecular  mechanism  of  excitation  in  nerve. 

A  second  project  investigating  the  excitable  membrane  of  Myxicola 
infundibulvmi  has  been  established.   This  study  makes  use  of  a  voltage  clamp 
arrangement  in  which  the  membrane  series  resistance  is  kept  to  a  minimum.   So 
far  these  studies  have  led  to  the  design  of  a  more  stable  voltage  clamp 
arrangement  for  these  worm  axons  and  has  given  valuable  data  preliminary  to 
the  prediction  and  specification  of  neuronal  firing  in  the  preparation. 

In  another  new  project  which  was  begun  at  The  University  of  Maryland, 
School  of  Medicine,  the  kinetics  of  potassium  ion  changes  in  periaxonal  space 
has  been  determined.   A  model  system  based  on  the  transfer  of  ions  between 
intracellular  and  extracellular  compartments  has  been  applied  to  these  data. 
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In  addition,  this  model  has  been  put  to  extensive  experimental  test.   Numerical 
solution  of  the  mathematical  model  system  as  it  modifies  the  classical  Hodgkin- 
Huxley  nerve  equations  have  been  applied  to  predict  the  form  of  the  nerve 
impulse.   Experimental  results  from  axons  coupled  with  model  predictions  have 
been  used  to  suggest  mechanisms  for  neuronal  impulse  firing  in  the  central 
nervous  system  (CNS)  and  for  certain  CNS  phenomena  such  as  spreading  depression 
and  epileptiform  discharges. 

In  another  aspect  of  this  same  project  the  temperature  dependencies  of  the 
ionic  conductance  parameters  of  the  squid  giant  axon  have  been  determined. 
These  temperature  dependencies  have  led  to  an  energetical  treatment  which  sug- 
gests that  the  ion  conductance  channels  associated  with  the  nerve  impulse  are 
probably  macromolecular . 

Among  those  projects  carried  over  from  the  previous  year,  the  study  of 
squid  axon  membrane  permeabilities  has  achieved  some  interesting  results.   Both 
diphenylhydantoin,  an  anti-arrhythmic  and  anti-epileptic  agent,  and  internal 
pH  have  been  found  to  decrease  the  sodium  conductance  of  the  squid  giant  axon. 
These  agents  act  similarly  to  tetrodotoxin  on  the  squid  giant  axon,  except  that 
their  action  requires  larger  concentrations.   The  effects  of  external  pH  on 
the  sodium  currents  of  the  squid  giant  axon  have  been  shown  to  be  consistent 
with  a  negative  fixed  charge  surface  model.   The  average  distance  between  t^e 
negative  surface  charges  in  the  vicinity  of  the  sodium  channels  is  about  15A. 

The  Laboratory's  project  on  impedances  and  conductances  has  advanced 
measurably.   Preliminary  impedance  measurements  of  packed  Arbacia  eggs  have 
been  made.   These  show  that  some  of  the  phase  deficit  attributed  to  cell  membrane 
dielectric  loss  is  a  characteristic  of  the  current  flow  pattern  through  and 
around  tissues  which  has  defied  calculation.   The  measurements  have  been  extrapo- 
lated to  give  a  primitive  indication  of  a  time  constant  of  less  than  1  ysec 
for  the  Schwann  layer  of  the  squid  axon.   In  order  to  determine  the  impedance 
of  the  squid  axon  membrane,  direct  alternating  current  membrane  measurements 
between  internal  and  external  coaxial  electrodes  were  begun  at  the  Laboratory 
of  Biophysics  (LB)  and  confirmed  and  extended  at  two  other  laboratories  with 
(LB)  active  cooperation  in  development  and  analysis.   Another  aspect  of  this 
project  has  resulted  in  an  interpretation  of  intracellular  conductance  measure- 
ments made  with  the  Bak  electrode  in  LNP-NIMH.   With  the  cooperation  of  LNP, 
preliminary  measurements  were  made  at  Berkeley  on  a  Pacific  sea  urchin  egg; 
protoplasmic  conductance  of  unfertilized  Lytochinus  eggs  was  20-30  percent 
of  sea  water. 

A  rational  approximation  for  the  transient  response  of  a  constant  phase 
angle  capacitance  has  been  developed.   It  agrees  with  previous  series  approxi- 
mations for  very  small  and  for  very  large  values  of  time,  and  provides  sufficient 
accuracy  for  intermediate  times  as  well. 

The  joint  noise  project  with  State  University  of  New  York,  Albany,  is 
underway  and  cooperation  with  General  Electric  at  Schenectady  has  been  achieved. 
A  technique  has  been  developed  for  the  squid  axon  membrane  and  shows  that  the 
application  is  similar  to  node  and  lobster  membranes.   This  technique  also 
seems  to  be  applicable  to  an  Aplysia  membrane. 
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The  on-going  project  studying  the  effects  of  chemical  agents  on  the 
membrane  permeabilities  of  Myxicola  giant  axon  has  made  some  advances  both  by 
conventional  techniques  and  by  newer  techniques  involving  automatic  data  pro- 
cessing. Permeability  studies  were  made  by  substituting  various  cations  for 
Na  in  ASW.   TEA  in  a  reasonable  concentration  applied  externally  blocks  about 
50%  of  steady  state  outward  potassium.   DoO  studies  at  various  temperatures 
were  made.   The  effects  of  Batrachatoxin  (BTX) ,  Sea  Nettle  Toxin  and  Pb   on 
the  axon  membrane  were  studied.   Inteimal  dialysis  of  the  axoplasm  and  some 
internal  perfusions  of  isolated  axons  were  done.   Up  to  these  experiments, 
only  squid  axons  could  be  perfused  and  this  work  is  considered  as  a  major 
technical  advance.   Experiments  varying  pH  were  done.   Also  measurements  of 
the  meiubrane  series  resistance  were  made.   A  fluorescent  dye  was  tested  to 
see   if  it  was  Tetrodotoxin  (TTX)  like.   The  SPC-12  ADP  system  programmed  for 
voltage  clamp  control  of  Myxicola  axons  has  been  used  to  collect  data  on  tape 
and  subsequently  these  digital  data  were  analyzed  using  DCRT's  PDP-10.   The 
MicroLINC  300  wao  also  used  to  collect  data  and  do  some  simple  processing. 
With  the  assistance  of  the  Section  on  Technical  Development,  the  MicroLINC  300 
is  being  set-up  to  be  used  in  voltage  clamp  control  in  conjunction  with  a 
program  that  can  be  used  on  the  PDP-10  to  completely  process  LINC  tape.   The 
LINC  has  been  successfully  used  to  generate  Na"^  and  K  currents  mathematically 
and  sum  them  for  total  currents. 

In  another  on-going  project,  the  time  course  of  calcium  and  magnesium  ion 
fluxes  in  squid  axon  membrane  has  been  determined  during  voltage  clamping. 
Calcium  appears  to  cross  the  membrane  in  two  phases,  one  coincident  with  the 
fast  sodium  conductance  and  the  other  with  a  slower  time  course.   Magnesium 
ions  show  only  the  slow  phase.   In  another  aspect  of  this  project,  the  role 
of  calcium  in  barnacle  muscle  fiber  conductance  changes  has  been  estimated  and 
from  these  data  excitation  contraction  coupling  has  been  accounted  for. 
Analysis  of  the  actions  of  the  neurotoxins,  saxitoxin  and  tetrodotoxin  has  led 
to  a  model  which  accounts  for  the  kinetics  of  actions. 

The  Laboratory's  project  on  artificial  membranes  has  achieved  some  spec- 
tacular results.   The  kinetics  of  the  opening  and  closing  of  Excitability 
Inducing  Material  (EIM)  channels  in  these  lipid  bilayers  has  been  determined 
by  two  independent  methods : 

1)  the  conventional  method  of  analyzing  the  approach  to 
steady  state  membrane  current  following  a  change  in 
membrane  voltage,  and 

2)  a  novel  method  employing  statistical  analysis  of  the 
time  interval  between  the  opening  and  closing  of 
individual  EIM  channels. 

The  results  of  the  two  methods  are  in  agreement,  indicating  first  order 
kinetics  with  rate-constants  depending  on  membrane  voltage.   The  experimental 
voltage-dependence  of  the  rate  constants  is  in  agreement  with  a  two-conductance 
model  we  have  previously  used  to  explain  the  steady-state  properties  of  this 
system.   This  model  can  also  explain  many  of  the  experimental  findings  on 
excitable  biological  membranes.   The  general  technique  of  studying  ion  flow 
through  lipid  bilayers,  which  has  been  successful  for  EIM,  is  a  uniquely  valu- 
able assay  for  characterizing  macromolecular  transport  structures  extracted 
from  biological  preparations. 
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One  major  aspect  of  the  Laboratory's  program  has  been  mathematical 
modelling.   This  project  has  resulted  in  the  following  advances.   A  study  of 
the  application  of  dimensional  analysis  to  nerve  membrane  and  fiber  models 
has  been  completed.   It  shows  how  the  concept  of  similar  classes  of  systems 
can  be  used  to  avoid  unnecessary  duplication  of  computation  of  thresholds  and 
conduction  velocities.   The  optimal  control  problem  (minimum  energy  expendi- 
ture) has  been  solved  exactly  for  one  additional  case,  that  of  combined 
constant,  elastic,  and  viscous  loads.   The  presence  of  a  critical  temperature 
in  the  Hodgkin-Huxley  equations ,  above  which  the  threshold  to  anodal  break 
excitation  goes  to  infinity,  has  been  explained  as  resulting  from  the  satura- 
tion of  the  Hodgkin-Huxley  conductance  variables  at  large  negative  potentials. 
The  differential  equations  for  the  stretched  sarcolemma  have  been  solved 
approximately  by  a  power  series  method,  permitting  accurate  computation  of 
solutions. 
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Project  Description: 

Objectives :   Interpretation  of  the  function  of  excitable  membranes 
in  terms  of  ionic  permeabilities  and  electrical  impedances  and  the  role  of 
the  membrane  in  depolarization  contraction  coupling  of  muscle. 

Methods  Employed :   Single  nerve  fibers  of  squid  and  single  muscle  fibers 
of  barnacle  are  mounted  in  such  a  way  that  methods  for  internal  perfusion, 
voltage  clamping  and,  for  muscle,  tension  recording,  can  be  combined  with 
measurements  of  radioactive  tracer  movements.   Digital  computers  are  used  to 
assist  in  the  analysis  of  models  to  interpret  the  data. 

Major  Findings;   A  series  of  experiments  were  completed  for  the 
measurement  of  influx  of  radioactive  calcium,  sodium  and  magnesium  into 
squid  axons  during  voltage  clamp  pulses  across  the  membrane.   Preliminary 
results  of  analysis  of  the  data  indicate  that  calcium  enters  the  fiber  in 
two  phases  following  the  initiation  of  membrane  depolarization.   The  first 
phase  has  a  time  course  comparable  to  that  of  sodium  entry  (calcium  and 
sodium  entry  were  measured  simultaneously)  and  is  blocked  by  tetrodotoxin. 
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The  second  phase  begins  slowly  and  resembles  potassium  entry  but  is  not 
blocked  by  tetraethyl  ammonitun  ions  as  is  the  potassium.   There  is  only  one, 
slow,  phase  evident  for  magnesium,. 

Voltage  clamp  studies  of  barnacle  muscle  fiber  membranes  give  the 
follovjing  rough  picture:   There  is  no  active  sodium  mechanism.   There  are 
active  mechanisms  for  calcium  and  potassiimi.   The  calcium  permeability 
increases  on  depolarization  more  rapidly  than  the  potassitim  an.d  neither 
inactivates  at  times  relevant  to  physiological  behavior.   Oscillations  occur 
in  the  membrane  current  for  certain  magnitudes  of  depolarization  and  in  the 
membrane  potential  for  certain  magnitudes  of  applied  current.   Neither  type 
of  oscillation  is  an  artifact.   We  have  proposed  a  model  which  accounts  for 
most  of  this  behavior  and  have  completed  some  digital  computer  analyses  of 
this  model.   Using  radioactive  calcium  to  measure  influxes  it  appears  that 
most  of  the  calcium  involved  in  the  activation  of  contraction  comes  from  the 
ionic  current  during  the  action  (or  post-junctional)  potential  rather  than 
being  released  from  internal  stores. 

Studies  were  made  on  the  kinetics  of  action  of  saxitoxin  and  tetro- 
dotoxin  on  squid  axon  membranes  in  conjunction  with  measurements  of  the 
effects  of  sudden  changes  in  external  sodium  ion  concentrations.   An 
extension  of  the  model  for  the  spaces  in  the  Schwann  cell  layer  used  by 
Frankenhaeuser  and  Hodgkin  has  been  devised  and  extensively  analyzed  using  a 
digital  computer.   This  model  includes  the  Schwann  cell  cleft  spaces  and  the 
unstirred  layer  as  well  as  the  effects  of  the  tetrodotoxin  binding  sites  as 
a  sink  for  this  poison.   The  results  of  these  analyses  fit  the  experimental 
data  rather  well  and  the  various  parameters  are  being  evaluated. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
Measurements  of  calcium  and  magnesium  entry  into  squid  axons  following 
membrane  depolarization  give  no  support  (we  regret  to  say)  to  the  possi- 
bilities which  have  been  suggested  that  divalent  ions  are  involved  in  the 
processes  leading  to  the  activation  of  the  sodium  or  potassium  mechanisms 
responsible  for  the  usual  propagated  activity  in  this  axon.   The  question 
remains  as  to  the  function  of  this  extra  influx.   In  barnacle  muscle  the 
calcium  influx  is  apparently  directly  involved  in  contraction  activation  and 
the  s-unilarities  to  heart  muscle  function  are  impressive.   The  possibility 
that  calcium  entry  at  neirve  terminals  initiates  transmitter  release  is 
obvious  and  probable.   The  magnesium  may  be  merely  going  through  calcium 
channels,  as  calcium  apparently  goes  through  sodium  channels  and  simply  has 
no  function. 

Proposed  Course  of  the  Projects   No  further  experiments  are  contemplated 
at  this  time  for  measurements  of  calcium  and  magnesium  influxes  in  sqiild 
axons.   The  models  which  we  have  constructed  for  the  Schwann  cell  layer  in 
the  squid  axon  and  for  the  complicated  geometry  of  the  barnacle  muscle  fiber 
need  considerable  further  analysis  with  the  aid  of  digital  computers.  Much 
remains  to  be  done  in  regard  to  contraction  activation  in  barnacle  muscle 
fibers.   With  this  preparation  it  should  be  possible  to  measure  heat 
production  internally  as  well  as  ATP  utilization  simultaneously  with  measure- 
ments of  tension  development  and  voltage  clamp  studies.   These  studies,  howev 
require  chemicals  and  signal  averaging  equipment  not  at  present  available  in 
Oiile.  g  1 
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Project  Description: 

Objectives;   To  formulate  and  test  theoretical  descriptions  of  (1) 
excitable  ion-permeable  membranes,  including  statistical  fluctuations,  (2) 
voluntary  muscular  control,  using  mathematical  analysis  and  computation,  and 
(3)  the  stretching  of  the  non-isotropic  cylindrical  sarcolemmal  membrane. 

Methods  Employed:  Mathematical  analyses,  with  particular  emphasis  on 
nonlinear  differential  equations  and  optimization  theory,  are  being  used  in 
conjunction  with  the  available  computing  facilities. 

Major  Findings:   Computations  have  been  made  of  thresholds  for  anodal 
break  response  in  the  Hod gkin -Huxley  equations.   The  threshold  appears  to  go 
to  infinity  at  a  finite  critical  value  of  temperature  between  17°  and  18 °C. 
This  property  of  the  equations  has  been  elucidated  by  plotting  thresholds  as 
a  Chweitzer  diagram,  i.e.,  threshold  step  change  of  current  versus  initial 
current.   Anodal  break  responses  fall  on  the  line  through  the  origin  with  a 
slope  of  -1.   The  Chweitzer  threshold  curve  approaches  an  asymptote  with  slope 
of  -1  for  negative  initial  currents;  this  is  explained  by  saturation  of  the 
Hodgkin-Huxley  conductance  variables  m,  h,  and  n  for  strong  negative  (anodal) 
currents.   The  temperature  at  which  the  intersection  of  the  threshold  curve 
with  the  anodal  break  excitation  line  goes  to  infinity  is  the  critical  tempera- 
ture. 
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The  optimal  control  problem  (minimum  energy  expenditure)  for  a  muscle 
without  series  elastic  element  has  been  solved  exactly  for  one  additional 
case,  with  a  mixed  constant,  elastic,  and  viscous  forces  as  load. 

Previous  computations  for  the  transient  response  for  a  constant  phase 
angle  capacitance  were  limited  by  the  failure  of  the  two  series  used  (one 
convergent,  for  short  times,  and  one  asymptotic,  for  long  times)  to  give 
accurate  values  for  intermediate  times.   Much  better  values  for  intermediate 
times  have  now  been  computed  using  a  rational  approximation  which  agrees  with 
both  series  at  the  two  ends  of  the  range  and  provides  a  smooth  transition 
betvjeen  them  in  the  intermediate  region. 

The  differential  equations  for  the  stretch  sarcolemma  of  the  single 
muscle  fiber  have  been  solved  by  a  power  series  method,  permitting  accurate 
computation  of  solutions. 

Work  is  being  done  on  a  kinetic  model  of  nerve  membrane  permeability 
change  which  arose  from  our  experimental  findings  on  synthetic  excitable 
membranes.   Membrane  conductance  changes  are  described  in  terms  of  the 
voltage-dependent  conformational  transitions  of  channel-like  molecules 
imbedded  in  the  bilayer.   The  theory  provides  a  relation  between  the 
phenomenological  parameters  of  the  Hodgkin-Huxley  model  and  certain  molecular 
features  of  the  proposed  channels. 

The  theory  of  fluctuation  phenomena  in  nerve  is  being  continued,  mainly 
as  a  guide  to  the  design  of  experiments  for  determining  the  magnitude  of  the 
elementary  conductance  limit  in  excitable  membranes.   A  theoretical  analysis 
of  repetitive  firing  was  initiated  with  the  hope  of  developing  a  two-variable 
set  of  nerve  equations  capable  of  describing  spike  interval  fluctuations. 
In  line  with  this  effort,  computations  employing  the  Hodgkin-Huxley  equations 
were  carried  out  to  test  whether  the  model  can  explain  the  anticonvulsant 
activity  of  small  doses  of  sodium-blocking  drugs. 

A  general  study  of  the  application  of  dimensional  analysis  to  mathematical 
models  of  nerve  membranes  and  fibers  has  been  completed,  with  a  paper  sub- 
mitted for  publication  but  not  yet  accepted.   The  concept  of  similarity  classes 
of  systems,  parameterized  by  a  small  number  of  dimensionless  similarity  para- 
meters which  can  be  defined  in  terras  of  the  system  parameters,  was  found 
useful.   Simple  transformations  of  computed  parameters  can  often  be  used  to 
save  unnecessary  repetition  of  computation. 

A  FORTRAN  program  developed  by  Y.  Palti  to  analyze  voltage  clamp  data 
from  squid  on  the  Woods  Hole  SDS  computer  has  been  revised  to  analyze 
Myxicola  voltage  clamp  data  on  the  PDP-10  computer  at  NIH. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  hypothesis  of  optimality  in  modeling  voluntary  muscular  activity  provides 
a  potentially  useful  theoretical  approach  which  does  not  require  a  detailed 
knowledge  (still  lacking)  of  the  functioning  of  the  CNS  in  muscular  coordina- 
tion.  The  hypothesis  is  made  plausible  by  the  concept  of  evolutionary 
selection  of  CNS  functioning  which  tends  to  favor  survival. 
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Computations  of  anodal  break  response  will  provide  one  more  test  both  of 
the  Hodgkin-Huxley  model  of  the  nerve  membrane  and  of  more  recent  concepts  of 
temperature  dependence  of  its  parameters.   The  results  should  contribute  to 
the  construction  of  a  more  accurate  model. 

Computation  of  the  transient  response  of  a  constant  phase  angle 
capacitance  facilitates  analysis  of  the  capacitative  transient  of  voltage 
clamp  records  in  the  squid  axon.   The  further  problem  of  modeling  such 
capacitances  is  unsolved,  but  if  accomplished  might  improve  our  understanding 
of  the  structure  of  the  membrane  itself. 

The  study  of  the  anisotropic  elastic  properties  of  the  sarcolemma  is 
facilitated  by  mathematical  equations  which  can  be  solved  accurately  with  a 
computer  and  used  to  find  experimental  parameters  by  curve  fitting. 

Proposed  Course  of  the  Project:   The  study  of  both  membrane  stability 
and  membrane  fluctuations  will  be  pursued,  with  the  aim  of  improving  present 
mathematical  models  of  the  excitable  membranes,  which  are  inadequate  in 
these  respects. 

The  solution  of  the  equations  for  optimal  muscular  control  will  be  sought 
for  a  variety  of  mechanical  constraints  acting  on  a  single  muscle,  a  pair  of 
antagonists,  or  more  complicated  musculoskeletal  system.   It  is  hoped  that  the 
results  may  provide  at  least  qualitative  predictions  for  comparison  with 
experiment  and  the  eventual  production  of  a  coherent  theory  of  coordinated 
motion.   Further  computations  of  anodal  break  responses,  including  improved 
descriptions  of  the  temperature  dependence  of  different  membrane  parameters, 
is  planned,  to  provide  more  extensive  comparison  with  experimental  results. 

Programming  will  be  required  for  the  minicomputer  which  has  been  ordered 
by  the  Laboratory.   It  is  intended  to  be  used  in  controlling  experiments  and 
in  recording  and  analyzing  data.   Two  types  of  experiments  planned  are  (1) 
fluorescent  probes  of  axonal  activity  and  (2)  programmable  voltage  clamping 
and  computer  analysis  of  nerve  membrane  currents. 

Honors  and  Awards:   None 
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fluctuations  in  axon  firing.   Biophys.  J.   11:  1048--1067, 
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Lecar,  H.  and  Nossal,  R. :   Theory  of  threshold  fluctuations 

in  nerves.   II.   Analysis  of  various  sources  of  membrane  noise. 

Biophys.  J.   11:  1068-1084,  1972. 
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25th  Anniversary  of  the  Instituto  de  Biofisica  at  Pvio.   In  press. 
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Project  Description: 

Objectives : 

I.   The  need  for  more  and  detailed  measurements  of  membrane  dielectric 
properties  remains,  particularly  in  the  low  frequency  range,  for  the  effects 
of  temperature  and  drugs  and  effect  of  membrane  potential. 

II.   To  understand  the  amount  and  nature  of  dielectric  loss  in  the 
membranes  of  isolated  and  tissue  cells. 

Methods  Employed: 

I.   The  presently  available  methods  for  space  and  voltage  clamping  the 
squid  giant  axon  are  required  as  well  as  the  developing  techniques  for  internal 
replacement  and  perfusion,  the  use  of  accurate  bridge  networks,  and  powerful 
analysis. 

II.  Arbacia  eggs,  which  have  essentially  loss-free  membranes,  have  been 
packed  to  as  high  as  97%  volume  concentration  by  centrifugation  and  impedances 
measured  from  0.1  Hz  to  500  kHz. 

Major  Findings: 

I.   Squid  membrane  dielectric  information  depended  upon  the  almost 
ancient  alternating  current  external  electrode  measurements  and  the  relatively 
crude  transient  and  other  direct  records  until  Chandler  and  Taylor  made  bridge 
measurements  from  10  kHz  to  70  kHz  between  coaxial  internal  and  external 
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platinized  electrodes.   Similar  measurements  have  been  made  by  Matsumoto,  et   al. 
from  50  Hz  to  1  MHz  with  changes  of  K  in  the  external  ASW.  Working  in  Tasaki's 
Laboratory,  Takashima  obtained  a  few  data  from  100  Hz  to  100  kHz  in  1971. 

Alternative  analyses  of  these  data  are  not  complete  but  they  seem  to 
rather  viell  agree  in  assigning  a  passive  lossy  dielectric  characteristic  of 
10°  -  15"  phase  to  the  membrane  above  10  kHz.   Suitable  techniques  have  not 
yet  been  found  for  representing  and  characterizing  the  behavior  at  lower  fre- 
quencies at  which  the  ionic  conductance  relaxations  may  dominate. 

II.   A  resistor  analogue  of  a  tissue  with  close  packed  cylindrical  cells 
suggested  that  the  apparent  dielectric  loss  which  has  been  attributed  to 
membranes  in  tissues  might  come  from  the  distribution  of  current  around  and 
through  the  cells  rather  than  the  cell  membranes.   No  analysis  has  been  found 
for  such  problems  and  no  simple  or  easy  analog  has  been  found  for  isotropic 
tissues.   Further,  it  did  not  seem  practical  to  do  the  ideal  experiment  of 
dispersing  a  tissue  and  measuring  individual  cells.   So  the  alternative  of 
aggregating  cells  with  knoi^m  characteristics  was  done  by  centrifuging  sea 
urchin  eggs.   Preliminary  experiments  showed  that  an  apparent  loss  factor  of 
10°  -  15°  did  appear  at  cell  volume  concentrations  between  80%  and  90%.   There 
are  several  problems  of  experiment  and  analysis  which  have  not  been  resolved. 

The  data  may  be  somewhat  explained  by  the  crude  approximation  that  the 
spherical  cells  are  defoimed  into  oblate  spheroids  v/ith  minor  axes  in  the 
direction  of  packing  and  measurement  —  with  majortminor  axis  ratios  reaching 
almost  4:1.   Similarly  suspect  approximations  lead  to  membrane  capacities  of 
1-2  iiF/cm^  and  undetectable  membrane  conductances. 

Experiments  were  terminated  by  failure  of  already  inadequate  equipment 
and  lack  of  means  to  repair,  replace  or  substitute  for  it. 

The  preliminary  conclusions  are  that  low  phase  angle  tissue  impedance 
data  may  be  explained,  at  least  in  part,  by  distributions  of  current  flow 
around  and  through  the  membrane  capacities  of  tightly  packed  cells  rather  than 
by  membrane  capacity  dielectric  loss.   Further  suggestions  are  that  any  appli- 
cations of  this  egg  analogue  to  muscle  and  cortex  problems  can  be  by  inference 
only.   It  may  be  more  useful  for  the  Schwann  cell  layer  of  the  squid  giant 
axon,  which  is  estimated  to  have  a  time  constant  of  1  ysec  or  less. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Detailed  information  on  the  impedance  of  the  membrane,  particularly  the  voltage 
and  temperature  dependence  relations,  imposes  constraints  on  any  molecular 
model  which  is  proposed.   One  example  is  that  the  membrane  does  not  have  the 
same  dielectric  properties  as  the  simple  bilipid  layers  which  have  been  worked 
on. 

Proposed  Course  of  the  Project; 

I.  Analyses  of  published  and  personally  available  data  will  continue  - 
probably  with  computer  calculation  replacing  the  arduous  manual  manipulations. 
Limitations  of  time,  personnel,  facilities  and  equipment  will  probably  prevent 
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more  than  token  experimental  activity  in  the  Laboratory  of  Biophysics.  However, 
cooperation  has  been  offered  by  three  outside  groups  and  is  possible  with 
another  -  which  may  give  spectacular  advances  in  methods,  data  and  interpreta- 
tions for  both  the  dielectric  capacity  and  the  ionic  currents. 

II.   No  further  work  on  this  aspect  is  planned. 

Honors  and  Awards : 

Kenneth  S.  Cole  was  elected  a  Foreign  Member  of  the  Royal  Society, 
April,  1972. 

Publications :  None 
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Project  Title:   Ionic  Permeabilities  of  the  Squid  Giant  Axon  Membrane. 
Electrical  Experiments  and  Analyses  with  Alterations  of 
Environments 
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Man  Years : 

Total:  1.4 
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Others:        0.3 

Project  Description: 

Objectives:   To  study  the  ionic  current  flow  across  the  nerve  membrane 
without  the  complications  of  excitation  and  propagation  in  terms  of  individual 
ion  currents  and  to  observe  the  effects  of  changes  in  normal  internal  and 
external  ionic  concentrations.   The  long  range  objectives  are  the  inter- 
pretation of  nerve  function  in  terms  of  ion  movements  and  the  elucidations  of 
the  structures  and  mechanisms  by  which  the  permeabilities  are  controlled. 

Methods  Employed;   Standard  voltage  clamp  techniques  are  employed  with 
the  addition  of  control  of  the  internal  environment  by  replacement  and 
perfusion. 

Major  Findings:   Investigations  have  continued  on  the  effects  of  the 
sodium  sale  of  diphenylhydantoin  on  the  sodium  currents  on  the  squid  giant 
axon  under  voltage  clamp  conditions.   This  chemical  is  one  which  has  been 
used  extensively  against  epilepsy.   It  also  possesses  antiarrhythmic 
activity.   It  decreases  the  sodium  currents  without  appreciably  affecting 
the  time  constants  for  the  sodium  process.   A  dose-response  curve  for  the 
inhibition  of  the  sodium  conductance  was  determined  and  an  analysis  indicates 
that  one  molecule  of  diphenylhydantoin  combines  with  a  site  which  is 
responsible  for  the  closing  of  the  sodium  channel.   The  effective  dose  (ED5Q) 
or  the  dissociation  constant  of  the  diphenylhydantoin  complex  is  about 
3-10"%. 
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Since  tetrodotosin  acts  sinilarly  on  the  sodiiis  currents,  investigation 
was  undertaken  whether  these  t\TO  chemicals  affect  the  same  site.   It  currently 
appears  from  our  data  on  the  interaction  of  these  two  agents  on  the  inhibition 
of  the  sodiuEL  currents  that  they  act  on  different  sites  to  produce  the  same 
effect. 

Our  data  on  the  effect  of  external  pH  upon  sodium  currents  obtained  by 
use  of  ramp  or  saw  tooth  pulses  revealed  that  at  low  pH  values,  the  time  at 
which  the  peak  inward  soditim  current  was  increased  and  the  absolute  magnitude 
of  the  peak  inward  sodium  current  was  decreased. 

The  increase  in  the  time  is  consistent  with  a  model  in  which  hydrogen 
ions  neutralize  negative  fixed  surface  charges.   A  computer  analysis  using 
this  model  and  our  data  revealed  that  there  is  on  the  average  a  distance  of 
liA  between  negative  fixed  charges  in  the  vicinity  of  the  sodium  channels  and 
the  pK  of  these  charges  is  5.4.   However,  the  peak  sodium  currents  were 
decreased  even  more  than  predicted  frosa  this  model  which  we  have  interpreted 
to  indicate  that  hydrogen  ions  decrease  the  sodi-jcm  conductance.   A  dose 
response  carve  for  this  decrease  in  sodium  conductance  indicated  that  the  pK 
cf  the  sites  responsible  for  this  conductance  change  is  5.6,  and  that  one 
hydrogen  ion  reacts  with  a  site. 

The  internal  pE  of  an  axon  was  found  to  be  much  more  critical  than 
external  pE.   A  decrease  in  internal  pE  acts  to  decrease  the  earl}'  conductance. 
The  dose-response  curve  for  relative  conductance  versus  pB  is  sigmoidal  and 
steep,  and  is  centered  at  about  pB  6.6.   This  explains  why  axonal  conductance 
is  blocked  for  internal  pH  below  6.4. 

Significance  tc  Biomedical  Research  and  the  Program  of  the  Institute: 
Since  DPS  is  one  of  the  principal  drugs  used  against  epilepsy,  its  mode  of 
action  on  the  nerve  membrane  is  highly  relevant.   Our  studies  are  the  first 
ones  which  give  a  clear-cut  ionic  mechanism  of  action  of  DPH  on  an  excitable 
membrane . 

Previously,  it  was  known  that  tetrodotosin  can  block  the  fast  sodium 
channel,  vrithout  appreciably  affecting  the  time  constants  of  the  gating 
mechanisms.   DPS  appears  tc  possess  these  same  characteristics.   However, 
both  agents  probably  act  on  different  sites,   rnese  findings  indicate  that 
there  is  probably  more  than  a  single  site  in  the  vicinity  of  the  sodium 
channel,  which  can  control  the  channel. 

Our  pH  studies  provide  further  support  to  the  negative  fixed  surface 
charge  model.   Since  both  frog  node  data  and  our  squid  data  indicate  that  the 
sites  responsible  for  the  pH  inhibition  of  the  sodium  conductance  and  of  the 
sites  responsible  for  the  potential  shift  are  the  same  for  each  species,  it 
appears  that  there  is  a  similar  type  of  binding  for  each  site. 

The  simplest  explanation  of  the  data  on  varying  internal  pH  is  that 
protons  bind  to  sites  in  the  membrane  and  block  sodium  channels.   The  steepness 
of  the  dose-response  curve  indicates  that  there  must  be  at  least  2  proton- 
binding  sites  per  channel,  and  the  pK  value  suggests  the  sites  are  histidine 
residues . 
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Proposed  Course  of  the  Project;   It  is  planned  to  study  further  the 
effect  of  pharmacological  agents  and  trace  metals  upon  the  voltage  clamped 
currents  of  the  squid  giant  axon. 

Honors  and  Awards :   None 

Publications : 

Gilbert,  D.L. :   Oxygen  and  life.   Anesthesiology .   In  press. 
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Previous  Serial  Number:   NDS(I)-62  LB/I  940 
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Total : 
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0.7 
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Project  Description: 

Objectives;   To  study  the  conducting  pathways  in  nerve  membrane  by  means 
of  an  analysis  of  the  action  of  various  chemical  agents  with  these  pathways. 
The  ionic  current  flowing  across  these  pathways  is  measured  by  means  of  the 
voltage  clamp  technique.  Why  the  movement  of  a  particular  ion  through  one 
pathway  or  another  or  even  both  is  not  known.   It  is  possible  that  the  use  of 
various  chemical  agents  that  affect  the  nerve  membrane  may  contribute  to  under- 
standing the  physical  mechanisms  of  the  membrane.   One  possibility  is  the  study 
of  various  ions  to  determine  their  selectivities  through  the  membrane.   Another 
is  to  block  the  conducting  pathway  or  alter  the  kinetics. 

Methods  Employed:   Previously  described  voltage  clamping  techniques  are 
used,  either  with  or  without  perfusion,  with  the  giant  axon  of  the  marine 
worm,  Myxicola  in  fund  ib  ulum .   For  perfusion,  a  cannula  is  first  inserted  into 
the  axon  and  passed  right  through  the  axon  to  the  other  side  of  the  chamber, 
removing  a  good  part  of  the  axon.   Sometimes  the  axoplasm  is  very  gelled  and 
it  is  difficult  to  remove  a  good  part  of  the  axoplasm,  instead  the  cannula 
pushes  the  axoplasm  aside.   Pressure  is  then  applied  to  the  perfusate  forcing 
out  the  axoplasm  which  has  accumulated  during  the  movement  of  the  cannula 
through  the  axon.   As  soon  as  flow  is  established,  the  axial  wire  of  the 
"piggyback"  electrode  (combination  current  supply  and  voltage  measuring  device) 
is  inserted  into  the  perfusion  cannula  which  acts  as  a  guide.   The  cannula  is 
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then  slowly  x<!±th.d.Tavn   close  to  its  entry  point  at  the  same  time,  advancing  the 
piggyback  electrode  into  the  axon.   Some  axoplasm  is  removed  by  this  method 
and  replaced  with  perfusate.   Finally,  the  axon  is  tied  just  beyond  the  entry 
point  of  the  cannula  to  prevent  the  perfusate  flowing  out  the  entry  point. 

The  data  is  obtained  with  the  Micro-LINC  300  for  possibly  both  on  and  off 
line  analysis  of  the  voltage  clamped  axons.   Data  sampling  time  is  routinely 
40  or  10  micro-seconds  with  a  1.0  microsecond  capability.   The  Micro-LINC  300 
is  available  only  on  a  part-time  basis.   Data  from  LINC  tape  can  be  sent  via 
the  PDP-12  to  the  PDP-10  at  DCRT  for  additional  processing.   Additional  pro- 
gramming is  being  done  to  make  it  possible  for  the  PDP-10  to  completely  analyze 
the  data  that  is  on  LINC  tape. 

Major  Findings;   A  number  of  organic  cations  have  been  substituted  for 
sodium  in  the  external  medium,  artificial  sea  water  (ASW)  bathing  the  Myxicola 
axon.   The  permeabilities  of  the  cations,  expressed  as  permeability  ratios, 
Pg/Pjyfa,  through  the  early  or  sodium  conducting  pathway  of  Myxicola  studied 
so  far  are  as  follows : 


Ps/Pn, 


ia 


Hydroxlyamine  0 . 82 

Hydrazine  0.55 

NH4  0.17 

Guanidine  0 . 16 

Formamidine  0 . 13 

Aminoguanidine  0.11 

Tetraethylaramonium  (TEA)  0.023 

Dimethylamine  0.034 

The  permeabilities  were  obtained  by  measuring  the  reversal  potentials.   Some  of 
these  permeabilities  were  measured  from  the  magnitudes  of  the  peak  early  current, 
but  results  were  inconsistent.   The  reason  for  this  may  be  that  all  the  con- 
ducting pathways  may  not  be  available  both  to  sodium  and  to  the  substituted 
ion  for  a  given  depolarization.   The  kinetics  were  identical  to  the  kinetics 
for  sodium.   The  substituted  ion  was  blocked  by  tetrodotoxin  (TTX) .   All  of 
the  substitutes  are  depolarizers,  with  one  exception,  ranging  as  high  as  29 
millivolts,   Aminoguanidine  hyperpolarizes  by  as  much  as  10  mv  or  as  little 
as  1  mv.   Membrane  series  resistances  changes  with  some  of  these  cations. 
There  was  also  a  change  in  relaxation  time  constant  of  the  membran.e  capacity. 

Continued  studies  of  D2O  over  a  temperature  range  of  from  6°  -  16 "C  gave 
approximately  a  50%  decrease  in  early  sodium  current  and  the  late  steady  state 
potassium  current.   A2.1  of  the  HH  time  constants,  Tj^,  t^,  t^^  appear  to  slow 
dovm  in  D2O.   It  is  still  unkno^im  if  this  is  due  to  the  viscosity  of  the  D2O 
or  possibly  some  other  effect  say  perhaps  prototonic  conduction.   A  factor 
that  has  not  been  considered  hitherto  is  the  membrane  series  resistance  which 
in  Myxicola  x^yith  the  dual  internal  electrode  is  from  6-10  ohm  cm^-  or  possibly 
more.   This  may  be  a  factor  in  interpreting  the  D2O  results.   D2O  showed  a 
shift  in  the  steady  state  inactivation  of  about  5  mv  which  appears  to  be  tem- 
perature independent. 
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Preliminary  results  of  some  pH  experiments  show  a  decrease  of  inward 
sodium  with  very  little  change  in  the  steady  state  potassium  with  a  decrease 
in -pH.   The  pH  range  was  7.46  ->  3.66. 

Lead,  3xlO~%,  was  studied  in  ASW  and  produced  a  50%  decrease  in  early 
sodium  current  and  late  steady  state  potassium.   There  appeared  to  be  a 
slowing  of  the  steady  state  time  constant  t  .   The  leakage  current  was  also 
decreased  and  returned  to  its  previous  value  in  the  final  control,  whereas  the 
other  changes  seemed  to  be  irreversible.   These  are  preliminary  studies  and  it 
is  difficult  to  obtain  good  repeatability. 

Additional  work  with  Batrachotoxin  (BTX)  has  been  done.   Concentration 
used  was  10~"M  at  a  standard  dose.   The  depolarization  produced  was  14  mv  and 
brought  back  with  TTX.   Leakage  and  outward  sodium  currents  increased.   A 
shift  in  steady  state  inactivation  was  observed  to  be  about  7  mv. 

Sea  Nettle's  Toxin,  12.5  mg/1,  produced  virtually  no  change  in  the 
currents  of  the  Myxicola  axon.   A  stronger  concentration  is  necessary  and 
will  be  used  as  soon  as  possible. 

Total  substitution  of  TEA  for  sodium  decreased  the  steady  state  potassium 
almost  70%.   50  mm  TEA  produced  approximately  a  50%  decrease  in  steady  state 
potassium. 

Several  experiments  were  done  with  dialysis.   The  action  potentials 
produced  were  quite  good.  Voltage  clamping  was  a  little  more  difficult  and 
the  results  were  not  as  reliable  as  desired.   With  good  sized  axons  it  appears 
easier  to  internally  perfuse  and  voltage  clamp  with  good  results. 

A  dye,  Phenosaf rine,  was  tested  to  see  if  it  had  any  TTX  properties.   The 
concentration  used  was  10""^  and  the  results  were  negative.   Other  dyes  to  be 
tested  for  TTX  properties  appear  to  be  insoluble  in  ASW,  or  even  in  ethanol 
without  blocking  the  action  potential. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
The  sizes  of  the  various  permeant  ions  might  give  the  dimension  of  the  con- 
ducting pathway.   The  interactions  of  the  various  chemical  agents  with  the 
axon  may  produce  a  pharmacological  effect.  Under  these  conditions,  it 
appears  that  the  nerve  membrane  may  be  altered.   Any  changes  in  the  axon 
membrane  might  possibly  give  information  as  to  the  site  of  the  particular 
conducting  pathway.   Therefore,  these  studies  on  the  Myxicola  giant  axon  are 
making  it  possible  to  get  some  kind  of  insight  into  the  mechanism  of  the 
excitable  membrane.   Studies  on  the  environmental  pollutants  may  yield 
important  information  which  can  be  of  great  value  in  clinical  applications. 

Proposed  Course  of  the  Project;   The  study  of  "sodium  substitutes"  and 
"potassium  substitutes"  of  the  quatemery  -  ammoniimi  Ions  and  their  various 
analogs  and  others  will  be  continued  combined  with  chemical  analysis  of  the 
axon  membrane.   To  finalize  the  understanding  of  the  effects  of  heavy  water, 
several  more  experiments  are  planned.   These  are  to  determine  the  membrane 
series  resistance  in  D2O,  the  effect  of  viscous  solutions  on  currents  and 
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some  variation  in  pH.   BTX  will  continue  to  be  studied  in  greater  detail 
dependent  on  availability.   This  applies  to  Sea  Nettle's  Toxin  as  well.   It 
is  planned  to  study  the  effects  of  scorpion  venom,  environmental  pollutants 
(especially  the  continuation  of  the  lead  studies) ,  comparison  of  Saxitoxin 
(STX)  and  TTX,  and  other  chemical  agents  such  as  anesthetics  and  tannic  acid. 
Internal  perfusion  will  be  continued  with  voltage  clamping.   Injection  or 
dialysis  may  be  substituted  if  there  are  difficulties  because  of  axon  size. 
The  excitable  membrane  to  be  used  is  the  giant  axon  of  Myxicola. 

Honors  and  Awards :   None 

Publications : 

Binstock,  L.  and  Goldman,  L. :   Rectification  in  instantaneous 
potassium  current-voltage  relations  in  Myxicola  giant  axons. 
J.  Physiol.  (London)   217:  517-531,  1971. 
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Project  Description: 

Objectives:  To  study  physical  properties  and  molecular  structure  of 
synthetic  systems  related  to  natural  membranes.  To  examine  related  molecular 
properties  of  membranes  with  newer  physical  techniques. 

Methods  Employed:  Synthetic  bilayer  membranes  are  prepared  from  beef 
brain  extracts,  oxidized  cholesterol,  or  other  lipids  between  two  salt 
solutions.   The  steady  state  and  fluctuating  electrical  properties  of  the 
membranes  are  measured  before  and  after  the  application  of  an  activating 
factor,  such  as  EIM  (probably  composed  of  protein  and  other  material).   These 
measurements  employ  calomel  electrodes,  low-noise  amplifiers  with  high  input 
impedances,  and  suitable  averaging  and  recording  devices. 

Major  Findings:  The  conductance  of  a  lipid  bilayer  containing  very  small 
amounts  of  EIM  is  limited  to  a  few  discrete  levels  and  changes  abruptly  from 
one  level  to  another.   We  have  previously  determined  the  relative  time  spent 
in  each  conductance  level  as  a  function  of  membrane  voltage.   From  our  analysis 
of  that  data,  we  concluded  that  the  EIM-doped  bilayer  contains  ion-conducting 
channels ,  each  of  which  is  capable  of  undergoing  transitions  between  two 
states  of  different  conductance.   These  states  can  be  called  "open"  and  "closed" 
for  convenience.   This  model  was  also  found  to  be  consistent  with  the  current- 
voltage  curve  found  for  lipid  bilayers  with  large  amounts  of  EIM  (where  the 
fluctuations  are  relatively  small) . 
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We  have  now  examined  the  kinetics  of  the  conductance  transitions  by  two 
independent  methods : 

1)  We  applied  a  step  change  of  membrane  voltage  to  a  bilayer 
with  many  EIM  channels,  and  determined  the  time  course  of 
the  approach  to  the  equilibrium  current. 

2)  For  fixed  membrane  voltage  across  a  membrane  with  one  or 
two  EIM  channels,  we  observed  the  time  intervals  between 
spontaneous  transitions  from  one  conductance  state  to  the 
other,  and  analyzed  the  statistics  of  these  intervals. 

With  both  methods,  we  found  first-order  kinetics  with  rate-constants 
depending  on  membrane  voltage.  The  voltage-dependence  of  the  rate  constants 
observed  by  the  two  methods  were  in  agreement  with  each  other  and  with  the 
two-conductance  model  described  above. 

The  results  described  so  far  are  for  positive  membrane  voltages.  When 
the  membrane  voltage  was  switched  between  about  -lOOmV  and  +100mV,  the  membrane 
current  was  found  to  increase  and  then  decrease.   This  is  rather  similar  to  the 
behavior  of  sodium  current  in  excitable  membranes ,  where  depolarization  causes 
an  activation  followed  by  an  inactivation.   The  EIM  behavior  can  be  explained 
by  an  extension  of  our  model  to  include  three  conductance  states  —  two  "closed" 
and  one  "open". 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

The  EIM-activated  lipid  bilayer  has  a  voltage-dependent  ionic  conductance 
that  is  very  similar  to  that  of  excitable  natural  membranes.   It  is  this 
voltage-dependent  conductance  that  gives  rise  to  action  potentials.   The  advan- 
tages of  working  with  the  analog  system  are: 

1)  Experiments  performed  on  lipid  bilayers  with  and  without 
EIM  have  clearly  demonstrated  that  it  is  the  EIM  that  is 
responsible  for  the  voltage-dependent  conductance. 

2)  Experiments  can  be  performed  on  bilayers  with  a  single 
EIM  channel,  thus  allowing  determination  of  properties 
of  individual  channels . 

We  have  found  that  a  simple  two-conductance  model  can  fit  most  of  the 
experimental  findings  on  single  EIM  channels.   In  this  model  an  EIM  channel 
can  be  in  either  one  of  two  conductance  states  and  the  probability  of  a 
transition  from  one  state  to  another  is  a  simple  function  of  voltage.   We  can 
fit  all  of  the  experimental  findings  by  extending  the  model  to  three  conduc- 
tance states. 

These  simple  models  also  fit  the  available  data  for  natural  excitable 
membranes  rather  well.   Other  models  fit  this  data,  too,  but  the  advantage 
of  the  three-conductance  model  is  that  it  fits  both  the  data  on  natural 
excitable  membranes  and  the  more  detailed  data  on  single  EIM  channels.   In 
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other  words,  this  model  has  been  verified  for  the  analog  system,  thus 
demonstrating  that  nature  can  work  this  way. 

There  is  also  a  more  general  significance  to  the  kinetic  results .   The 
system  of  a  single  EIM  channel  in  a  lipid  bilayer  is  unique  in  that  it  affords 
an  opportunity  to  directly  observe  a  reversible  reaction  on  a  molecular  level. 
In  other  systems,  the  basic  concepts  of  rate  theory  are  applied  on  a  molecular 
level,  but  only  verified  for  large  ensembles  of  molecules.   With  EIM,  we  have 
been  able  to  verify  rate  theory  directly  on  a  molecular  level. 

Proposed  Course  of  the  Project;  We  plan  to  measure  the  effect  on  the 
EIM  system  of  changes  in  temperature  in  order  to  determine  the  barrier 
heights  for  the  conductance  transitions. 

We  also  plan  to  add  to  the  bilayer  certain  proteins  which  may  be  involved 
in  active  transport.   This  plan  is  in  collaboration  with  biochemists  of  the 
Laboratory  of  Neurochemistry,  who  are  presently  engaged  in  extraction  and 
purification  of  these  proteins. 

Honors  and  Awards: 

Gerald  Ehrenstein  was  appointed  Vice  Chairman  of  the  1973 
Gordon  Conference  on  Biological  Interaction  and  Transport. 

Publications: 

Latorre,  R.  ,  Ehrenstein,  G. ,  and  Lecar,  H. :   Ion  transport 
through  EIM  channels  in  lipid  bilayer  membranes.   J .  Gen . 
Physiol.   In  press. 
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Project  Description: 

Objectives;  The  state  of  cell  water  is  of  intrinsic  interest  to 
biologists  since  water  constitutes  approximately  80%  of  a  cell's  volume.   The 
terms  "free"  and  "bound"  have  been  loosely  applied  to  cell  water.  However, 
different  measuring  techniques  yield  different  answers  since  the  measurements 
may  cover  different  time  scales.  Water  may  be  moving  rapidly  on  a  scale  of 
minutes,  but  slowly  on  a  scale  of  nanoseconds.   A  knowledge  of  the  behavior 
of  cytoplasmic  water  is  essential  to  understanding  both  the  transport  of 
solutes  into  and  out  of  cells  and  within  cells. 

Methods  Employed ;  We  have  used  the  tumbling  time  of  a  water  soluble 
nitroxide  free  radical  as  a  measure  of  intracellular  microviscosity  on  a  time 
scale  of  nanoseconds.   The  radical  was  introduced  into  single  barnacle  muscle 
fibers  either  by  direct  microinjection  or  by  diffusion.   The  EPR  spectrum  of 
the  radical  was  then  measured  in  VARIAN  E3  EPR  spectrometer.   The  muscle  space 
accessible  to  the  probe  was  measured  by  equilibrating  the  muscles  with  a  lOmM 
solution  of  the  probe,  extracting  the  probe  from  the  fibers  with  alcohol,  and 
measuring  the  amount  of  label  in  the  extract  relative  to  the  muscle  water  con- 
tent. 

Major  Findings;   Equilibrium  experiments  indicated  that  the  probe  was  dis- 
tributed throughout  a  minimum  of  82%  of  the  intracellular  water.   The 
intracellular  microviscosity  of  the  muscle  fibers  was  5  cp  when  fully  hydrated. 
As  water  was  removed  from  the  fibers  by  low  humidity  N2  or  hypertonic  solutions, 
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the  viscosity  gradually  increased.   We  expected  that  if  some  well  structured 
water  did  exist  then  as  the  water  content  was  reduced,  the  EPR  spectrvm  of 
the  radical  would  show  a  sudden  change  corresponding  to  the  probe's  inter- 
action with  a  rigid  matrix.   In  fact,  a  solid  type  spectrum  did  appear  at 
about  25%  total  water,  and  increased  in  amplitude  with  further  dehydration. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
The  viscosity  of  the  bulk  of  the  muscle  cytoplasm  is  sufficiently  higher  than 
that  of  pure  water  to  affect  the  rates  of  diffusion  limited  reactions  taking 
place  within  the  cytoplasm.   Furthermore,  this  viscosity  acts  to  decrease 
cytoplasmic  conductivity,  affecting  the  electrical  properties  of  cells.   A 
study  of  various  cell  types  and  cells  in  different  metabolic  states  may  pro- 
vide some  data  on  how  water  structure  affects  cell  function. 

Proposed  Course  of  the  Project;  We  would  like  to  examine  other  cell  types 
perhaps  including  neoplastic  tissue  in  which  changes  in  water  structure  have 
been  reported.  Methods  may  be  extended  to  fluorescent  depolarization  making 
use  of  the  inherent  sensitivity  to  allow  studies  of  smaller  cells. 

Honors  and  Awards :   None 

Publications : 

Sachs,  F.  and  Latorre,  R.  :  EPR  measurements  of  muscle  intracellular 
viscosity.   Nature.   In  press. 
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Project  Description: 

Objectives;   The  analysis  of  electrical  fluctuations  has  provided  a 
direct  measure  of  the  elementary  conductance  unit  in  artificial  membranes. 
The  object  of  this  project  is  to  develop  a  method  for  the  direct  study  of 
the  kinetics  of  the  molecular  processes  which  underlie  biological  membrane 
excitation. 

Methods  Employed:  Various  modifications  of  conventional  electro- 
physiological techniques  are  employed  to  detect  the  voltage  and  current 
fluctuations  in  an  electrically  isolated  region  of  membrane  of  area  10  to 
100  square  microns.   In  an  earlier  study  a  cannulation  system  was  developed 
for  giant  cells  such  as  the  squid  axon.   In  the  present  study  micropipettes 
are  employed  to  isolate  a  small  surface  region  on  the  membrane  of  muscle  and 
nerve  cells  grown  in  tissue  culture.   Another  system  is  being  studied  in 
which  use  is  made  of  the  natural  isolation  of  single  nodes  of  Ranvier  of 
myelinated  axons. 

All  the  studies  on  the  different  preparations  employ  low-noise  amplifi- 
cation techniques  and  computer  analysis  of  recorded  membrane  current 
fluctuations . 

Major  Findings:   The  project  is  in  the  preliminary  development  stages. 
Much  of  the  basic  theory  of  electrical  noise  in  membranes  has  been  developed 
and  results  have  been  reported  in  connection  with  other  projects.   In  addition, 
the  demonstration  of  the  connection  between  electrical  fluctuations  and  the 
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molecular  processes  underlying  excitation  has  been  demonstrated  for  the  EIM- 
doped  synthetic  membrane,  as  reported  elsewhere.   Since  fluctuations 
corresponding  to  currents  through  individual  molecular  channels  tend  to  be 
averaged  out  over  a  large  region  of  membrane  surface,  the  main  technical 
objective  at  present  is  to  isolate  a  small  membrane  area,  of  the  order  of  10 
square  microns.   Preliminary  tests  have  been  performed  on  the  squid  giant 
axon  and  on  muscle  fibers  grown  in  tissue  culture;  for  which  small  patches  of 
excitable  membrane  were  isolated  and  maintained  in  a  viable  condition. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
There  is  considerable  indirect  evidence  that  excitable  membranes  throughout 
the  nervous  system  possess  sparsely  distributed  ion-conducting  channels. 
Thus,  it  is  likely  that  during  excitation  the  electrical  current  density 
flowing  through  a  single  molecular  channel  is  quite  intense.   The  fluctuations 
in  membrane  currents  may  then  be  a  manifestation  of  discrete  transitions  of 
molecular  conducting  structures  within  the  membrane.   The  study  of  electrical 
fluctuations  thus  provides  a  means  of  observing  the  elementary  electrical 
events  which  underlie  excitation.   The  characterization  of  the  stochastic 
behavior  of  the  conducting  unit  should  provide  important  clues  to  the 
molecular  process  involved  in  membrane  excitation.   In  addition,  these 
fluctuations  are  one  of  the  sources  of  "noise"  in  nerve  transmission,  and  an 
understanding  of  the  naturally  occurring  neural  noise  is  necessary  to  a 
quantitative  understanding  of  information  transmission  in  nerve. 

Proposed  Course  of  the  Project:   In  the  next  year,  two  different 
preparations  are  being  developed.   A  micromanipulator-micropipette  system 
is  being  constructed  for  use  on  tissue-culture  muscle  and  nerve  cells.   For 
these  cells  we  will  attempt  to  isolate  a  surface  region  of  less  than  10 
square  microns  in  area  to  observe  individual  channel  fluctuations. 

In  addition  a  study  of  subthreshold  electrical  fluctuations  in  the  node 
of  Ranvier  of  the  toad  sciatic  nerve  will  be  carried  out  in  conjunction  with 
a  group  at  the  Technion  Medical  School,  Haifa,  Israel. 

Honors  and  Awards :   None 

Publications : 

Ehrenstein,  G.  and  Lecar,  H. :   Signal  transmission  in  nerve  axons. 
Annu.  Rev.  Biophys.  Bioengr.   In  press. 

Lecar,  H. :   How  membrane  permeabilities  change.   In  Future  Directions 
in  the  Life  Sciences.   In  press. 
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Project  Description: 

Objectives :   To  see  whether  the  conductance  mechanisms  of  nerves  can 
be  studied  on  a  molecular  scale  using  fluorescent  probes. 

Methods  Employed;   A  fluorometer  has  been  designed  with  very  high  light 
collection  efficiency  (f/.72)  and  high  illumination  efficiency.   The  system 
employs  a  high  intensity  Hg  Xe  or  Xe  lamp  for  the  light  source.   The  exciting 
light  is  filtered,  and  reflected  by  a  dichroic  mirror  into  a  reflecting 
objective  focussed  on  the  specimen.   The  emitted  light  is  collected  by  the 
same  objective  and  passed  coaxially  with  the  exciting  light.   The  dichroic 
mirror  allows  the  fluorescent  light  to  pass,  and  reflects  stray  exciting  light 
back  to  the  source.   The  fluorescent  light  is  then  filtered,  if  necessary, 
and  passed  to  a  photomultiplier.   The  light  reaching  the  photomultiplier  can 
be  imaged  with  a  lens  permitting  the  system  to  function  as  a  fluorescence 
microscope. 

This  fluorometer  has  a  short  depth  of  focus  and  when  focussed  on  the 
nerve  membrane  effectively  increases  the  membrane  concentration  in  the 
sample. 

Major  Findings;  The  apparatus  is  still  in  the  developmental  stage,  but 
is  operating  satisfactorily.  The  first  experiments  on  squid  giant  axon  will 
be  done  this  summer. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
Fluorescence  probes  probably  constitute  the  only  spectroscopic  method  with 
sufficient  sensitivity  to  observe  conformational  changes  of  the  conductance 
mechanism  in  vivo.   An  understanding  of  channel  gating  is  the  key  to  under- 
standing nerve  conduction.   It  may  also  be  possible  to  find,  or  design,  dyes 
that  will  be  sufficiently  sensitive  to  allow  visualization  of  nerve  activity 
in  bundles,  permitting  analysis  of  many  fibers  without  actual  contact. 

Proposed  Course  of  the  Project;   The  fluorescent  correlates  of  various 
physiological  and  pharmacological  actions  will  be  examined  in  squid  and 
Myxicola  axons.   A  search  for  the  proper  dyes  will  be  made  based  on  pharma- 
cological and  spectroscopic  considerations. 

Honors  and  Awards :   None 

Publications :   None 
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Project  Description: 

Objectives;   To  study  excitable  membranes  in  a  very  rapid  and  precise 
manner  by  a  program  controlled  voltage  clamp.   In  this  way  it  is  possible 
to  go  through  various  pulses  necessary  to  determine  the  desired  parameters 
and  while  solutions  are  being  changed,  on-line  analysis  may  be  of  extreme 
value  in  determining  the  next  step  of  the  experiment.   It  is  also  of  extreme 
value,  for  example,  in  the  study  of  various  chemical  agents  and  their  effects 
on  the  membrane  because  fast  accumulation  of  the  desired  data  is  obtained, 
thus  allowing  for  minimum  exposure  to  the  particular  chemical  agent  which  in 
many  instances  would  present  deleterious  effects  on  the  nerve  membrane. 
Some  of  the  parameters  that  can  be  obtained  are: 

1)  reversal  potentials  (E^j^,  E^^  and  E^)  , 

2)  conductance  maxima  (gjj^»  gg;j  L)  ? 

3)  steady  state  values  of  membrane  conductance  parameters 
as  a  function  of  voltage  (m^,  h^,  n^,  m^,  h^,  n_^)  , 

4)  time  constants  (t^,  t^,  T^) ,  and/or 

5)  the  voltage  dependent  membrane  rate  constants  (Oj^,  g^j, 

%'  ^h'  "n'  ^n>' 
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Methods  Employed;   Previously  described  voltage  clamping  techniques  are 
used.   The  pulses  that  control  the  voltage  clamp  are  progranmed  and  generated 
by  the  minicomputer.   A  set  of  pulses,  say  for  example  50  pairs,  are  quickly 
sent  to  the  voltage  clamp.   The  data  received  by  the  computer  is  stored  on 
magnetic  tape.   Various  combinations  of  pulses  are  used  by  merely  feeding  a 
punched  paper  tape  into  a  teletype  that  communicates  with  the  computer. 
Information  such  as  temperature,  resting  potential,  holding  potential,  experi- 
mental conditions,  scale  factors,  etc.,  are  typed  into  the  computer  on  the 
teletype.   The  computer  then  precisely  controls  the  voltage  clamp  to  a 
previously  determined  set  of  conditions.   The  I/O  devices  to  the  voltage  clamp 
consist  of  very  fast  D/A  and  A/D  converters. 

Maj or  Findings ;   This  study  has  obtained  the  first  set  of  values  of  the 
Hodgkin  and  Huxley  conductance  parameters  for  the  Myxicola  axon  membrane. 
While  further  experiments  are  necessary  to  state  with  certainty  absolute 
values,  %^,  gj^,  and  g^,  t^,    t^  and  r^,   o^,  B^,  a^,    3^  and  a^^,  Q^   values  have 
been  successfully  extracted  from  the  data  by  PDP-10.   This  means  that  when 
more  runs  are  added  to  the  present  data,  the  first  full  description  of 
Myxicola  axon  conductances  will  have  been  achieved.   From  these  values,  the 
nerve  impulse  can  be  reconstructed  and  excitation  and  conduction  in  this 
preparation  can  be  predicted. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
The  use  of  the  computer  program  controlled  voltage  clamp  enables  one  to 
quickly  collect  data  and  do  many  experiments  in  a  short  time.   The  analysis 
of  the  data  obtained  can  be  analyzed  on-line  or  taken  to  the  PDP-10  for 
analysis.   The  turn  over  time  from  experiment  to  final  analysis  is  reduced 
many-fold.   Manual  control  of  voltage  and  data  analysis  by  conventional  means 
is  very,  very,  time  consuming.   The  output  of  information  by  this  method  is 
increased  manyfold  and  information  on  the  structure  and  mechanism  of  the 
membrane  can  thus  be  obtained  much  sooner  than  by  any  other  method. 

Proposed  Course  of  the  Project;   The  computer  program  controlled  voltage 
clamp  will  be  continued  to  be  used  in  greater  detail  in  the  studies  of  various 
membranes  both  here  and  at  Woods  Hole.  Many  difficult  experiments  that  have 
not  been  possible  before  can  now  be  done  in  great  detail.  We  expect  that 
most  voltage  clamp  experiments  in  the  future  will  use  the  computer  controlled 
technique. 

Honors  and  Awards :   None 

Publications :   None 
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Project  Description: 

Objectives:  To  study  the  role  of  conductance  regimes  in  determining 
nerve  impulse  integration. 

Methods  Employed;   The  point-control  technique  of  voltage  control 
(Cole  and  Moore,  J.  Gen.  Physiol.   44:  123,  1960;  Adelman  and  Palti,  J.  Gen. 
Physiol.   53:  685,  1969)  has  been  successfully  applied  to  the  giant  axon 
of  Myxicola  infundibulum.   Briefly  described,  this  system  uses  a  glass  3M 
KCl-filled  microelectrode  (resistance  0.5-1.0  mg  ohm)  placed  just  inside  the 
axon  to  sense  interior  potential,  a  low  resistance  (0.1-0.4  mg  ohm)  3  M 
KCl-filled  microelectrode  is  placed  just  exterior  to  the  position  of  internal 
penetration.    The  difference  between  internal  and  external  potentials  appears 
to  be  a  good  measure  of  transmembrane  potential  (see  below)  in  that  it  excludes 
non-membrane  resistance.   A  chlorided  platinum  wire  is  placed  interiorly  down 
the  length  of  the  axon  thereby  short-circuiting  the  axon  interior.   External 
chlorided  platinum  electrodes  are  coupled  to  a  grounded  amplifier,  thereby 
permitting  the  measurement  of  any  net  current  flowing  transversely  through  the 
axon  membrane. 

The  system  is  used  in  two  modes  of  operation.   In  the  first  (open  loop), 
a  constant  current  stimulus  is  applied  to  the  axial  wire;  open  loop  measure- 
ments are  made  for  series  resistance  and  for  membrane  action  responses.   In 
the  second  mode  (closed  loop) ,  membrane  potential  is  applied  to  the  virtual 
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ground  input  of  an  operational  amplifier  whose  output  is  coupled  to  the  axial 
wire.   In  closed  loop  mode,  membrane  potential  can  be  controlled  by  negative 
feedback,  developed  net  currents  measured  directly,  and  conductances  inferred. 
The  results  of  these  various  measurements  are  discussed  below. 

Major  Findings; 

A.   Open  Loop  Measurements. 

1.   Series  Resistance  Determination. 

If  there  is  non-menibrane  impedance  to  current  flow  between  the 
voltage  electrodes,  then  the  recorded  voltage  is  not  a  true  transmembrane 
potential;  presumably,  the  relative  position  of  the  microelectrodes  in  the 
point-control  system  renders  minimal  the  magnitude  of  intermittent  impedances 
other  than  that  of  the  excitable  membrane.   To  test  this  concept,  a  short 
duration  constant  current  pulse  is  applied  to  the  axial  wire  and  the  voltage 
response  of  the  positioned  microelectrodes  is  monitored. 

This  response  will  contain  two  components  related  to  the  circuit 
analogue  (which  is:  a  membrane  resistor  B^   in  parallel  with  a  membrane 
capacitor  Cjjj,  and  a  resistance  Rs  in  series  with  the  Rm/Cm)  .   The  temporal 
characteristic  of  the  response  is  governed  by  the  inequality  of  the  two 
charging  time  constants  %embrane  ^^   "^series'  where:  Xj^^j^^rane  =  Rm-Cm, 
■^series  =  Rs-Cm,  and  %embrane»Tseries-   '^"^'  °^^   expects  to  observe  an  early 
fast  transient  voltage  rise  followed  by  a  much  slower  exponential  rise. 

We  have  found  that  the  observed  initial  fast  component  is  an 
unknown  complex  process  related  primarily  to  the  output  impedance  of  the 
stimulus  source.  When  output  current  is  large  enough  to  show  clearly  the 
transition  from  one  time  constant  to  the  other,  the  output  waveform  becomes  a 
non-linear  process  whose  frequency  is  too  close  to  the  upper  bandwidth  limit 
of  the  preamplifier  and  oscilloscopes  to  allow  accurate  measurement.   Smaller 
but  linear  current  outputs  result  in  a  smooth  voltage  response  which  is  not 
clearly  divided  into  two  distinct  components. 

Thus,  in  order  to  measure  the  series  resistance  exactly,  an 
indirect  approach  is  required;  it  must  necessarily  involve  an  interpolation 
of  the  Tj^  response  back  to  some  early  time  t,  where  0  >  t  >  Tggj.-Lgg 
»  ""-membrane'   This  can  be  done  either  qualitatively,  —  by  measuring  the 
apparent  early  discontinuity  (jump)  with  respect  to  the  steady-state  charging, 
where 

[current 


^  Vjump  =  during 
yump 


(RJ 


or  quantitatively,  by  integrating  with  respect  to  time  the  passive  circuit 
equations  (solutions  provided  by  Dr.  H.  Lecar) ,  using  a  critically  damped 
exponentially  rising  stimulus  and  solving  for  Rs  in  terms  of  formalistic 
parameters.   The  former  qualtitative  method  is  dependent  upon  the  output 
impedance  of  the  stimulator  and  is  limited  by  the  system  frequency  response. 
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The  latter  was  tested  extensively  and  gave  good  predictions  of  known  Rs  in  a 
passive  netxrork  for  Rs  3,  ohm  •  cm'^ ,  while  determinations  of  smaller  known  Rs 
V7ere  imprecise  due  to  bandwidth  limitations  and  pulsar  output  nonlinearities . 

The  exact  solution  yields  a  theoretical  value  for  a  critical 
limiting  slope  of  the  voltage  response  due  solely  to  T^eai^rane'   L^™'  slope  = 

stimulus  current  (§  t  =  »  =  w/ 


Cm  ]isec 

Application  of  this  slope  to  axon  records  predict  Rs«l,0  ohm'cra2. 

Finally,  it  has  been  observed  that  with  critically-damped 
current  pulses  small  enough  to  avoid  pulsar  output  nonlinearities,  the  steady- 
state  voltage  trace  interpolates  back  to  t  =  0  linearly  and  that  V(t=0)  is 
finite  and  non-zero,  corresponding  to  an  Rs  estimated  directly  as  less  than 
1 . 0  ohm ' cm^ . 

2.   Membrane  Responses. 

For  linear  current  pulses  applied  to  the  axial  wire,  membrane 
responses  are  obtained  under  the  constraint  of  spatial  uniformity  of  voltage; 
under  such  conditions,  anode-break  and  cathode-make  axon  responses  are 
observed.   When  there  is  no  extrinsic  current  flow  (i.e.,  when  stimulus 
current  becomes  zero) ,  net  ionic  current  developed  by  the  membrane  is  equal 
and  opposite  to  a  capacitative  current.   Wlien  there  is  sufficiently  large 
isolator  output  impedance  for  the  stimulus  source  (l-meg.  ^^  used  here),  a 
true  current  clamp  (i.e.,  zero  net  system  current)  is  obtained. 

Membrane  action  potentials  and  action  currents  in  Myxicola 
reveal  two  aspects  of  excitation  for  this  axon  significantly  different  from 
squid  axon.   First,  membrane  action  current  (during  the  action  potential) 
shows  an  initial  peak  inward  component  corresponding  temporarily  to  the 
maximum  slope  of  the  rising  limb  of  the  action  potential;  inward  current  then 
transiently  dips  to  a  marked  minimum  at  the  time  of  the  peak  of  the  action 
potential,  and  proceeds  to  rise  to  a  second  larger  peak,  before  reversing  and 
becoming  a  net  outward  current  late  in  the  falling  phase  of  the  action  poten- 
tial.  These  characteristics  strongly  suggest  that  the  rising  phase  of  the 
action  potential  is  governed  by  sodium  channel  activation  and  that  potassiiira 
channel  activation  is  slower  than  their  analogues  in  the  squid  axon.   In  terms 
of  excitation  theory,  the  rise-to-peak  of  the  action  potential  approximates  a 
pure  2-dimensional  phase  space  system  (FitzHugh,  J.  Gen.  Physiol.   43i  867, 
1960)  to  an  even  closer  degree  than  does  that  of  the  squid  axon. 

Second,  excitation  in  Myxicola  axons  is  significantly  modulated 
by  leakage  conductance,  which  is  typically  much  larger  than  that  of  the  squid 
axon  ("^lO*  vs  0.2  mroho/cm^).   Large  leakage  conductance  means  that  the 
equilibrium  potential  for  leakage  current  is  close  to  that  of  the  resting 
potential,  while  for  squid,  this  equilibrium  voltage  is  at  a  level  more 
depolarized  to  the  resting  potential.  Thus,  in  post-anode  break  periods,  while 
squid  leakage  current  is  inward  at  voltage  levels  close  to  the  restiiig  potential 
and  appears  to  trigger  the  classical  anode-break  action  potential  (Goldfinger, 
Biol.  Bull.   lAl:  387,  1971),  Myxicola  leakage  current  is  outward  at  similar 
voltages  and  thus  no  trigger  inward  current  develops.   We  have  confirmed  the 
absence  of  anode-break  excitation  for  normally  excitable  Myxicola  axons. 
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B.   Closed  Loop  Measurements. 

1.  Series  Resistance  Compensation. 

By  employing  an  axon  analogue  of  passive  elements ^  known  values 
of  Rs  are  placed  in  the  circuit;  the  effect  of  the  Rs  is  seen  by  monitoring 
the  voltage  across  the  Rm//Cm  of  the  membrane  alone.   When  a  series  resistor 
is  present,  the  voltage  across  the  Rm//Cm  is  attenuated  in  magnitude  by  a 
constant  factor  proportional  to  the  series  resistance.   Rs  compensation  is 
achieved  by  a  feedback  of  the  control  amplifier  output  (Armstrong  and  Binstock, 
J.  Gen.  Physiol.   48:  265,  1964)  through  an  operational  amplifier  whose  output 
is  a  function  of  a  variable  feedback  resistance.   Compensation  is  achieved 
when  for  a  given  Rs  and  an  active  membrane  (Rjjj  =  SO'ohm-cm^),  enough  current 
is  fed  back  to  the  input  of  the  control  amplifier  such  that  the  potential 
across  the  membrane  Rm//Cm  alone  equals  the  command  level  applied  to  the 
input  of  the  control  amplifier.   (When  the  input  current  is  excessive  (over- 
compensation) ,   there  develop  phase  shifts  between  feedback  current  and 
command  potential  resulting  in  unstable  oscillatory  behavior  at  both  input 
and  output  of  the  control  amplifier.)   Compensation  level  is  assumed  to  be 
constant  over  a  wide  range  of  command  potentials.   Operationally,  once  the 
series  resistance  is  determined  (see  above)  and  compensated,  the  experiment 
can  begin. 

2.  Ionic  Currents  and  Stability. 

Voltage  clamp  records  show  four  components ;  their  temporal 
sequence  is:  the  capacitative  surge,  leakage  constant  current,  nonlinear 
peak  current,  and  nonlinear  steady-state  current.   The  reversal  potential  of 
the  early  peak  current  occurs  at  an  absolute  potential  of  between  +50  and 
+60  mv,  inside  positive,  the  time  course  and  magnitude  of  the  peak  current  is 
extremely  sensitive  to  the  level  of  Rs  compensation.  When  the  system  is 
over-compensated,  the  peak  currents  (carried  mostly  by  Na"*"  ions  (Binstock  and 
Goldman,  J.  Gen.  Physiol.   54:  730,  1969))  are  highly  delayed,  due  in  part  to 
early  oscillation  of  the  modified  command  pulse. 

Records  obtained  with  apparently  proper  Rs  compensation  show  no 
instability  or  discontinuity  under  normal  conditions.   An  interesting  aspect 
of  such  records  is  the  absence  of  a  higher-order  delay  in  the  rise  of  the 
peak  current.   Such  a  result  suggests  that  the  recruitment  of  Na"^  channels  is 
not  dissimilar  to  a  monatonic  function  and  not  necessarily  as  complex  as 
cooperative  higher  power  models . 

The  settling  time  of  a  step  command  voltage  pulse  is  not  greater 
than  50  ysec  and  not  less  than  30  ysec.   The  voltage  clamp  and  pulser  were 
built  by  Mr.  H.  Walters. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
This  work  suggests  physical  mechanisms  underlying  the  generation  of  physio- 
logically important  neuronal  phenomena  such  as  the  coding  of  neural  messages 
by  means  of  repetitive  firing  of  nerve  impulses.   In  addition,  this  work  may 
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provide  a  model  system  for  the  understanding  of  the  transduction  of  primary 
sensory  activity  into  the  generation  of  propagated  nerve  messages. 

Proposed  Course  of  the  Project; 

(1)  Values  of  membrane  conductance  parameters  will  be  sought  so  that 
the  general  nature  of  nerve  impulse  threshold  phenomena  can  be  predicted . 

(2)  Ion  alterations  in  periaxonal  space  of  the  giant  axon  will  be 
studied.   These  results  will  be  compared  with  comparable  data  for  the  squid 
giant  axon.   To  the  extent  that  the  dimensions  of  the  neurolemma  is  a  species 
specific  factor,  the  generality  of  a  model  system  describing  such  an  unstirred 
periaxonal  space  can  be  tested. 

Honors  and  Awards :   None 

Publications :   None 
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Methods  Employed; 

1)  Modification  of  ionic  flow  across  neural  membranes  through  ion 
concentration  changes  in  periaxonal  and  perineuronal  spaces  resulting  from 
membrane  activity.   Single  giant  axons  from  the  squid,  Loligo  pealei,  were 
prepared  and  voltage  clamped  by  methods  described  by  Adelman  and  Palti  (1969) . 
The  fluid  surrounding  the  axon  was  either  artificial  sea  water  (ASW) ,  ASW  in 
which  the  sodium  (430  mM)  was  replaced  by  430  mM  Tris+  (Tris  -  ASW),  or  ASW 
with  100  nM  TTX  (TTX  -  ASW) .   Membrane  currents  in  the  voltage  clamp  were 
measured  as  a  function  of  time  when  the  membrane  potential,  Ej^j,  was  stepped 
from  one  value  to  another.   Inasmuch  as  all  measurements  of  the  reversal 
potentials  of  the  potassium  currents,  as  a  function  of  pulse  duration  and 
amplitude,  were  made  in  a  high  membrane  conductance  state,  the  contribution 
of  potential  drops  across  the  resistance  in  series  with  the  membrane,  Rg , 
V7ere  not  negligible  (Hodgkin,  Huxley  &  Katz,  1952,  p. 444).   Therefore,  the 
value  of  Rg  in  each  axon  was  estimated  using  the  current  clamp  method.   In 
this  method  a  pulse  of  current  was  applied  across  the  membrane  and  the 
potential  difference  between  microtip  and  reference  electrodes  was  recorded. 
The  value  of  Rg  was  calculated  from  the  amplitude  of  the  initial  potential 
step.   A  potential  corresponding  to  the  potential  drop  across  Rg  was  fed  to 
the  summing  junction  of  the  voltage  clamp  feedback  amplifier  by  the  Moore 

and  Cole  method  (1963) . 

2)  Effects  of  temperature  on  axon  membrane  conductances.   Giant  axons 
from  the  squid,  Loligo  pealei,  were  voltage  clamped  by  the  method  described 
by  Adelman  and  Palti  (J.  Gen.  Physiol.,  1969)  modified  as  follows: 

(1)  the  command  potentials  to  the  voltage  clamp  were 
generated  by  a  computer  (General  Automation,  SPC-12) 
through  a  D/A  converter, 

(2)  the  membrane  currents,  converted  to  voltages  by  a 
current-voltage  transducer,  were  scanned  by  a  fast 
A/D  converter  (DataLab  710)  rather  than  monitored  on 
an  oscilloscope. 

The  computer  controlled  voltage  clamp  system  was  capable  of  generating 
repeated  sequences  of  50  pairs  of  pulses.   The  interval  between  pairs  of 
pulses  in  any  sequence  was  usually  5sec.   Membrane  currents  in  response  to 
these  voltage  clamped  pulses  were  amplified  so  that  the  maximal  amplitudes 
approached  ±  IV,  the  full  input  range  of  the  A/D  converter.   During  a  typical 
experiment  the  A/D  converter  was  first  driven  by  the  computer  at  a  sampling 
rate  of  200  kc,  i.e.,  the  interval  between  samples  was  5  ysec.   This  high  rate 
was  continued  for  2.5  msec  for  a  total  of  500  samples.   The  conversion  rate 
was  then  dropped  to  10  kc  and  carried  on  for  another  500  points  giving  a  total 
sampling  period  of  52.5  msec.   The  eight  most  significant  bits  of  each  of  the 
1000  samples  were  stored  in  the  computer  memory  which  acted  in  this  case  as 
a  buffer  memory.   The  amplifier  gains,  digitalization  rates,  membrane  holding 
potential,  etc.,  were  first  written  on  the  system's  9  track  digital  tape, 
then  at  the  end  of  the  sampling  period,  the  computer  dumped  (within  about 
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0.3  sec)  on  the  tape  the  amplitudes,  durations  and  intervals  between  command 
pulses  used.   These  were  followed  by  the  1000  samples.   Thus,  when  any 
computer  reads  the  tape  it  gets  all  the  information  needed  to  construct  a 
table  of  membrane  currents  (in  ma/cm^)  and  membrane  potentials  (in  mv)  as  a 
function  of  time. 

The  amplitude  of  the  command  potential  pulses  generated  by  the  system  by 
means  of  the  D/A  converter  had  an  accuracy  better  than  0.1%.   The  temporal 
accuracy  was  1  ysec  for  short  pulses  and  better  than  1  part  in  10^  for  long 
pulses. 

In  a  typical  experiment  a  set  of  commands  to  generate  up  to  50  single  or 
pairs  of  pulses  were  transferred  from  a  key  board  or  a  program  tape  to  the 
computer  memory  where  they  were  stored.   Upon  initialization  of  an  experiment 
the  pulses  were  executed  so  as  to  command  the  control  amplifier  in  the  voltage 
clamp  system.   Drift  in  current  amplifiers,  etc.,  was  always  determined  prior 
to  the  generation  of  membrane  currents  by  beginning  the  digitalization  80  usee 
before  the  initiation  of  the  first  pulse.   The  axon  membrane  was  first  voltage 
clamped  to  a  potential,  E^,   equal  to  the  resting  value  (usually  between  -60 
and  -65  mv) .   The  initial  pair  of  pulse  in  any  series  consisted  of  a  strong 
hyperpolarizing  pulse  (usually  to  Ew  =  -130  mv)  followed  by  strong  depolarizing 
pulse  (to  about  Ew  =  20  mv) .   A  number  of  current  samples  recorded  during  the 
hyperpolarization  were  averaged  and  the  leakage  conductance,  gj ,  was 
determined  from  this  current  value.   Since  for  strong  depolarizations  (lasting 
over  30  msec)  which  follow  strong  hyperpolarizations  sodium  conductance,  g^j^ 
reaches  a  maximumm  g„  was  determined  from  the  peak  inward  current  during 
the  depolarization.   The  values  of  gj,  and  g-^   calculated  by  the  computer  were 
subsequently  used  by  the  computer  to  calculate  leakage  current,  Ij^,  and  sodium 
current,  I^a-   The  next  potential  pulse  was  strong  sustained  depolarization 
that  activates  potassium  conductance  to  a  maximum.   The  values  of  Ijjg  and  Ijj 
calculated  from  g-^^   and  g-^   (and  proper  driving  forces)  were  subtracted  from 
the  steady-state  potassium  current  thus  allowing  computation  of  the  actual 
maximum  potassiimi  conductance,  grr. 

Major  Findings; 

1)  Modification  of  ionic  flow  across  neural  membranes  through  ion 
concentration  changes  in  periaxonal  and  perineuronal  spaces  resulting  from 
membrane  activity.   In  voltage  clamping  squid  giant  axons,  current  flows 
outward  through  the  potassium  conductance,  gj^,  upon  membrane  depolarization 
to  E-^.      This  current  was  isolated  by  using  TTX  which  blocks  the  initial 
transient  (sodium)  current.   Upon  stepping  the  membrane  potential  from  E^  to 
a  more  polarized  value  (E2),  g^  turns  off  and  a  decaying  tail  current  flows. 
The  initial  value  of  this  tail  is  determined  by  the  product  of  gj^  just  before 
repolarizing  and  the  difference  between  the  membrane  potential  after  the  step 
(E2)  and  the  value  of  the  potassium  reversal  potential  (E^-) .   In  agreement 
with  Frankenhaeuser  and  Hodgkin  (1956)  ,  tail  currents  following  very  short 
depolarizing  pulses  were  outward;  following  longer  depolarizing  pulses  these 
were  inward  having  reversed  at  some  finite  pulse  duration.   As  any  E-j^  pulse 
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was  constant  in  amplitude,  it  was  concluded  that  E„  is  a  function  of  the 
duration  of  E-|^.   By  taking  many  E-,  values,  it  was  shown  that  E,^  is  a  function 
of  the  amplitude  of  E-j^.   The  kinetics  of  E^  changes  were  related  to  the  time 
course  of  1^,.   These  Ejr  changes  were  modeled  by  assuming  an  imbalance  between 
membrane  and  external  barrier  ionic  fluxes  resulting  in  periaxonal  K  accumula- 
tion.  The  external  diffusion  barrier  assumption  was  tested  by  exposing  axons 
to  hypertonic  or  hypotonic  solutions  to  shrink  or  swell  the  Schwann  cells  and 
the  giant  axon.   In  accord  with  model  predictions,  periaxonal  K  accumulation 
".las   altered  in  the  right  direction  and  magnitude.   Modifications  in  the 
Hodgkin  and  Huxley  equations  were  made  incorporating  the  model  system.   The 
role  of  perineuronal  space  in  modifying  CNS  neuron  behavior  has  been  compared 
with  that  of  periaxonal  space. 

2)   Effects  of  temperature  on  axon  membrane  conductances.   The 
permeability  of  the  squid  giant  axon  membrane  to  soditrai  and  potassium  was 
related  by  Hodgkin  and  Huxley  to  3  membrane  processes  (denoted  by  m,  n  and  h) 
described  by  six  reaction  rate-constants  (the  ot's  and  3's).   The  effects  of 
temperature  on  the  membrane  conductances  were  attributed  to  the  temperature 
dependency  of  the  3  rate-constants.   It  was  estimated  that  they  have  a  Q-j^q 
of  3. 

Squid  giant  axons  were  voltage  clamped  using  an  on-line  computer.   The 
effects  of  temperature  on  the  6  rate  constants  were  determined  in  the  0°C  - 
15°  range.   The  temperature  dependency  of  the  rate  constants  was  found  to 
differ,  yielding  Qj^q  values  in  the  range  up  to  -10.   The  temperature  effects 
were  also  found  to  be  potential,  i.e.,  field  dependent  and  indicated  that  at 
least  the  3jj  rate  constant  represents  2  different  processes.   The  computed 
energies  of  activation  of  the  membrane  conductance  processes  ranged  between 
10  -  40  k  cal,  indicating  that  high  energy  processes  such  as  phase  transitions 
or  ion  transfer  from  hydrophobic  to  hydrophylic  media  occur  during  membrane 
activity.   Enthalpy  and  entropy  changes  of  the  potassium  system  were  computed 
both  for  the  transition  to  the  activated  state  and  for  the  steady  states  for 
different  membrane  potentials.   The  results  indicate  that  the  activation  stage 
is  associated  with  the  breaking  of  numerous  bonds  and  has  a  very  large  dipole 
moment  change  (in  the  order  of  10^  debye) .   The  processes  were  modified  by 
the  membrane  electric  field  such  that  for  strong  depolarization  the  major 
event  taking  place  in  an  entropic  one,  i.e.,  most  probably  a  molecular  con- 
formational change. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

1)   The  findings  with  respect  to  K  accumulation  in  periaxonal  space 
has  led  to  a  general  model  of  the  phenomenon  which  may  be  applied  to  many 
neural  systems,  both  peripheral  and  central.   This  work  bears  directly  on 
some  theories  relating  to  the  genesis  and  development  of  both  cerebral 
cortical  spreading  depression,  cortical  and  hippocampal  epileptiform  seizures 
and  the  action  of  diphenylhydantoin  in  relieving  the  latter. 
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2)   The  temperature  studies  are  expected  to  lead  to  an  early  speci- 
fication of  the  molecular  nature  of  the  ionic  selective  channels  associated 
with  the  genesis  of  the  nerve  impulse. 

Proposed  Course  of  the  Project: 

1)  Further  work  is  planned  to  work  out  ion-ion  interactions  in  the 
modification  of  membrane  conductance  parameters.   Particular  attention  will 
be  paid  to  K^  and  Ca   interactions.   Evidence  will  be  sought  for  periaxonal 
[Ca"*^]  changes  related  to  the  activity  of  the  excitable  membrane  ( axo lemma)  » 

2)  More  experiments  are  planned  shoxsfing  the  alteration  of  membrane 
conductance  parameters  with  temperature.   Particular  attention  will  be  paid 
to  the  relation  between  sodium  inactivation  and  temperature.   Predictions  of 
a  model  of  the  excitable  membrane  ion  channels  (as  based  on  the  energetics 
derived  from  temperature  studies)  will  be  compared  to  experimental  data. 

Honors  and  Awards :   None 

Publications: 

Adelman,  W.J.,  Jr.  and  Palti,  Y. :   The  role  of  periaxonal  and 
perineuronal  spaces  in  modifying  ionic  flow  across  neural 
membranes.   In  Bronner,  F.  and  Kleinzeller,  A.  (Eds):   Current 
Topics  in  Membranes  and  Transport ,  New  York,  Academic  Press, 
Vol.  III.   In  press. 

Palti,  Y,  Adelman,  W.J.,  Jr.  and  Senft,  J.P. :  Modification  of 
membrane  currents  and  potentials  by  dynamic  alterations  of  ionic 
concentrations  in  periaxonal  space.  Actual.  Neurophysiol.  (Paris). 
In  press. 
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Project  Title:   Electrical  Fluctuations  of  Excitable  Membranes 

Previous  Serial  Number:   None 

Principal  Investigator:  K.S.  Cole,  Ph.D.. 

Other  Investigator:   H.M.  Fishman,  Ph.D. 

Cooperating  Units:  Marine  Biological  Laboratory,  Woods  Hole,  Mass. 

State  University  of  New  York  at  Albany,  New  York 
University  of  California,  Berkeley,  Calif. 

Man  Years : 

Total:         0.3  .    . 

Professional:   0.3 

Other:         0.0  - 

Project  Description: 

Objectives:   Interpretation  of  the  function  of  excitable  mechanisms 
in  terms  of  ionic  permeabilities  and  the  elucidation  of  the  structure  and 
mechanisms  by  which  the  permeabilities  are  controlled. 

Methods  Bnployed :   The  preliminary  crude  attempts  to  measure  potential 
or  current  fluctuation  spectra  and  auto-correlation  functions  of  membranes 
and  electrolytes  were  begun  at  the  Laboratory  of  Biophysics  and  have  been 
continued  as  a  joint  project  at  the  State  University  of  New  York,  Albany 
(SUNY) .   The  simple  on-line  spectral  analyzer  used  for  y  tips  has  been 
replaced  by  powerful  sweep  analyzers ,  tape  recorders  and  auto-correlators 
under  an  NIH  grant.   The  principal  emphasis  has  been  on  obtaining  the  small 
patch  of  squid  axon  membrane  needed  for  measureable  noise  which  sucrose 
isolation  has  produced.   Investigations  of  electrolyte  model  systems  have 
been  continued  with  aqueous  electrolytes  in  the  anisotropic  configurations 
of  y  tip,  porous  membranes  and  single  pores  in  mica  sheets  and  with  non- 
aqueous electrolytes  for  uniform  current  densities. 

Major  Findings;   The  principal  success  has  been  on  the  squid  axon 
membrane  for  which  the  1/f  or  pink  excess  noise  is  in  general  agreement  with 
the  results  on  the  frog  node  and  lobster  axon.   There  are  preliminary  indica- 
tions that  this  squid  noise  is  characteristic  of  potassium  current  as  in  the 
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other  membranes.   A  few  obseirvations  show  that  sucrose  patch  isolation  can  be 
used  for  an  Aplysia  cell  membrane  and  produce  similar  results. 

The  differences  for  aqueous  KCl  in  P  tips  have  been  confirmed  and  shown 
related  to  whether  pyrex  or  kimax  glass  was  used.   The  noise  amplitude  for 
mica  holes  seems  to  depend  upon  the  length  but  this  is  only  preliminary. 
Uniform  current  flow  in  very  low  conductance  non-aqueous  electrolytes  have 
so  far  only  produced  equilibrium,  thermal,  noise. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
There  seems  little  doubt  but  that  the  current  or  potential  fluctuations  are 
indications  of  nature  of  motion  of  individual  K  ions  as  they  cross  a  membrane 
and  so  far  this  is  the  only  direct  observation  of  this  fundamental  process  of 
ion  permeability.   It  should  be  discouraging  that  in  the  four  decades  since 
pink  noise  was  first  found,  we  have  no  indication  of  the  mechanisms  and  no 
agreement  on  the  facts  for  any  single  system  whether  conduction  is  by  electrons, 
holes  or  ions.   On  the  other  hand,  there  are  about  a  dozen  groups  working  on 
theory  and/or  experiment  for  biological  membranes.   These  groups  are  more 
cooperative  than  competitive  and  at  least  some  of  the  credit  for  this  situa- 
tion and  whatever  may  come  out  of  it  belongs  to  the  Laboratory  of  Biophysics. 

Proposed  Course  of  the  Project;   The  squid  work  will  be  continued  to 
strengthen  the  conclusion  that  the  pink  noise  is  to  be  attributed  to  K  ion 
current,  look  for  possible  transit  tine  white  noise  and  investigate  the  effect 
of  external  Ca  as  compared  to  its  effect  on  membrane  conductance.   The  model 
electrolyte  systems  will  be  simplified  and  analyzed  more  powerfully  to  confirm 
the  present  conclusion  that  only  non-uniform  current  density  produces  pink 
noise. 

Honors  and  Awards :   None 

Publications :   None 
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Annual  Report 

July  1,   1971  through  June  30,   1972 

Laboratory  of  Experimental  Neurology,  Intramural  Research 
National  Institute  of  Neurological  Diseases  and  Stroke 

William  F.  Caveness,  M.D.,  Chief 

The  current  scientific  effort  may  be  described  within  three  areas: 

1)    Radiation  Biology:    Since  1961,  in  conjunction  with  the  Brookhaven  National 
Laboratories,  we  have  studied  the  effect  of  x-irradiation  on  the  cerebral  cortex  of  the 
young  adult,  macaco  mulatto.    A  single  exposure  of  3,500  rods  has  been  employed. 
The  exposure  site,  since  1966,  has  been  the  right  visual  cortex.    This  permits  a  precise 
measurement  of  functional  changes  as  expressed  in  the  visual  evoked  response.    Attention 
has  been  directed  to  the  ultrastructure  evidence  for  cellular  changes  in  carbohydrate 
and  protein  metabolism  within  days  of  exposure,  alteration  in  the  dendritic  plexus  within 
four  to  twelve  weeks,  and  the  proliferative  and  degenerative  changes  of  radlonecrosis  in 
the  exposed  area  within  four  to  five  months  following  irradiation.     In  addition,  we  have 
observed  the  functional  and  structural  changes  in  the  irradiated  and  non-irradiated 
cortex  over  prolonged  periods,  up  to  48  months,  following  exposure.     Long-term 
functional  alterations  have  included  bilateral  depression  of  evoked  response  and 
behavioral  blindness.    The  long-term  structural  changes  have  included  periodic  brain 
swelling  and  retrograde  transsynaptic  degeneration  within  the  visual  system. 

Two  new  series  have  been  employed  to  determine  the  mechanisms  operating  in  the 
long-term  phenomena.    The  first  consists  of  twelve  monkeys  with  implanted  cerebral 
spinal  fluid  catheter-reservoir  systems.    This  permits  sequential  monitoring  of  the  CSF 
pressure  following  irradiation.    Six  of  these  animals  have  shown  pronounced  elevation 
in  pressure,  accompanied  by  papilledema  and  bilateral  obliteration  of  the  visual  evoked 
responses,  between  four  and  six  months  following  exposure.    These  have  been  sacrificed 
and  their  orbs  and  brains  are  being  subjected  to  definitive  histological  examination. 
One  of  the  remaining  six  animals  has  shown  an  equally  prominent  elevation  in  pressure, 
followed  by  partial  recovery.    The  other  five  have  shown  only  modest  changes  in  pressure. 
Their  observation  will  continue  for  24  months.     It  is  expected  that  this  series  will 
demonstrate  the  effect  of  brain  swelling  and  papilledema  on  the  degenerative  changes 
within  the  visual  system. 

The  second  series  consists  of  four  monkeys  with  the  right  visual  cortex  surgically 
ablated,  without  exposure  to  x-irradiation.    Their  course  will  be  followed  by  visual 
evoked  responses  and  they  will  be  sacrificed  at  one,  two,  three,  and  four  years, 
respectively.    This  series  should  demonstrate  the  effect  of  the  loss  of  the  right  visual 
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cortex,  without  brain  swelling,  on  the  transsynaptic  degeneration  in  the  visual  system. 
By  utilizing  the  findings  from  these  two  series,  there  should  be  a  better  understanding 
of  the  long-range  effect  of  x-irradiation  in  the  model  under  study. 

These  investigations,  in  monkeys,  should  have  meaning  and  practical  prognostic 
significance  as  the  human  exposure  to  radiation  increases,  by  reason  of  therapeutic 
efforts,  the  use  of  nuclear  energy,  and  space  exploration. 

2)    Ontogeny  of  Focal  Seizures:    A  significant  feature  of  this  investigation,  in  the 
macaco  mulatto,  has  been  the  apparent  dependency  of  the  immature  motor  cortex  on 
thalamic  structures  in  the  development  and  propagation  of  the  paroxysmal  discharge. 
This  concept  has  been  tested  by  a)  the  interruption  of  the  corti co-cortical  circuitry 
surrounding  the  activated  right  hand-face  area,  and  b)  the  interruption  of  the  cortico- 
thalamic circuitry  beneath  the  activated  area  in  the  newborn  monkey.    The  results  were 
compared  with  the  findings  after  similar  procedures  in  24  month  old  monkeys.    Both 
supported  the  working  hypothesis.     During  the  past  year,  the  anatomical  substrate  for 
the  seizure  activity  in  the  cortex  has  been  extensively  investigated  with  particular 
attention  to  the  developing  fiber  systems,  as  delineated  by  Nauta  techniques,  and  the 
developing  pyramidal  and  stellate  cells  as  demonstrated  in  Golgi  preparations. 

At  birth,  corti  co-cortical  connections  are  poorly  developed,  and  cortico-subcortical 
circuits  provide  the  major  pathway  for  the  propagation  of  cortical  activity.     In  contrast, 
cortico-corticol  connections  are  prominent  at  24  months  of  age.    This  increase  in  cortical 
connectivity  is  reflected  in  the  postnatal  architectonic  development  of  layers  II  and  III, 
the  loci  of  the  most  dramatic  events  of  the  postnatal  development. 

Regional  Blood  Flow  Studies:     A  logical  extension  of  the  investigation  of  the  pro- 
pa  galTorroFFocaT"seIzijrerTrnTie^  newborn  monkey  is  a  search  for  the  subcortical  circuits 
and  nuclear  masses  that  are  involved  in  the  seizure  activity.     Previous  studies  by  others 
have  attempted  to  define  "preferential"  pathways  by  depth  recording,  or  by  selective 
destruction  of  subcortical  structures.    In  lieu  of  duplicating  their  efforts,  it  seemed  wise 
to  determine  the  natural  course  of  events  by  the  use  of  regional  blood  flow  techniques. 
For  the  latter,  we  are  using  the  ^'^C-labeled  antipyrine  method,  at  sequential  intervals 
after  the  induction  of  the  seizure.    A  preliminary  survey  in  twelve  monkeys  has  indicated 
the  appropriateness  of  this  method. 

The  full  scale  investigation  has  been  delayed  by  the  necessary  development  of  a 
microtome  system  that  permits  whole  head  sections,  and  a  specially  designed  densitometer. 
Both  are  now  in  working  order  and  the  study  is  progressing  as  planned. 

Once  the  natural  progression  is  delineated,  then  one  may  more  appropriately  investi- 
gate individual  components  with  depth  recording  or  interruption  of  activity  by  a  cryoprobe. 
As  in  the  other  procedures,  the  findings  in  the  newborn  will  be  compared  with  those  at 
24  months  of  age. 


2  m 


From  such  studies  there  should  be  improved  understanding  and  management  of  focal 
seizures  in  children  and  adolescents. 

3)    Vietnam  Registry:     A  Registry  for  Head  and  Spinal  Cord  Injuries,  as  they  occurred  in 
military  combat  in  Vietnam,  was  developed  at  the  request  of  the  Surgeon  General  of  the 
Navy  and  was  implemented  with  the  cooperation  of  the  Surgeons  General  of  the  Army 
and  Air  Force.    The  purpose  was  to  insure  uniformity  of  data  collection  and  to  identify 
cases  for  present  and  future  studies.    The  yield  from  1967  to  1970  was  2,043  entries.    The 
evaluation  of  these  data  is  being  completed  with  particular  attention  to  wound  character- 
istics and  the  events  during  the  acute  phase  of  injury. 

The  staff  of  this  Laboratory  is  limited  to  five  permanent  positions  and  one  or  two 
temporary  appointments.     For  the  effective  conduct  of  its  investigations,  it  is  dependent 
upon  the  fruitful  collaboration  of  colleagues  in  allied  or  disparate  disciplines.    Of 
special  importance  are  co-workers  at  the  Brookhaven  National  Lxjboratories,  the 
Neuroanatomical  Laboratories  at  Harvard,  and  the  Armed  Forces  Institute  of  Pathology. 

For  essential  supplies  and  procedures,  the  Laboratory  is  dependent  upon  contracts 
with  Bionetics  Research  Laboratory  regarding  newborn  monkeys  and  Harvard  University 
regarding  processing  and  assistance  in  interpreting  anatomical  specimen. 
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Project  Title:    Functional  and  Structural  Alterations  Following  X-irradiation  of  the 
Cerebral  Cortex  In  the  Monkey 

Previous  Serial  Number:    Same 

Principal  Investigator:    William  F.  Caveness,  M.D. 

Other  Investigators:       Motohiro  Kato,  M.D. 
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Akira  Tanaka,  M.D. 
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Man  Years 

Total:  2.3 

Professional:  1.1  , 

Other:  1.2 

Project  Description 

Objectives:  To  determine  the  pathogenesis  of  early  and  late  effects  of  irradiation  on 
the  central  nervous  system. 

Methods  Employed:    The  right  visual  cortex.  In  the  young  adult  macaco  mulatto,  is 
exposed  to  3,500  rods  of  x-irradlotlon  in  a  single  dose.    Functional  changes  are  monitored 
by  evoked  electroencephalographlc  responses  from  photic  stimulation  of  the  retina  prior  to, 
and  at  weekly  Intervals,  following  irradiation.    The  stimuli  are  programmed  to  provide 
single  light  flashes  that  may  be  averaged  and  a  series  of  frequencies  that  range  from  three 
to  thirty  flashes  per  second  in  ten  second  epochs.    The  evoked  response  from  the  irradiated 
and  non-irradiated  visual  cortex  Is  led  through  a  two-channel  Grey-Walter,  low  frequency 
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analyzer  fhaf  provides  histograms  for  the  abundance  of  activity,  or  amplitude,  for  ten 
seconds  at  each    of  the  frequencies  employed.    Thus  one  can  compare  directly  the 
amplitude  of  the  evoked  response  from  the  irradiated  cortex  with  that  from  the  homologous 
non-irradiated  cortex.     In  addition,  the  frequency  analyzer  detects  delta  activity,  one  to 
three  cycles  per  second,  when  it  appears  as  a  reaction  to  injury.    The  averaged  evoked 
response  of  a  series  of  thirty-two  flashes  at  one  second  intervals  has  provided  a  more 
sensitive  indicator  that  is  especially  useful  when  the  differences  between  the  irradiated 
and  non-irradiated  side  are  less  pronounced. 

Sequential  anatomical  examinations  have  been  carried  out  by  sacrificing  three 
animals  at  72  hours,   1,  4,   12,  20,  28,  44,  and  144  weeks  for  routine,  Golgi-Cox  and 
electron  microscopic  preparations.    Six  animals  have  served  as  controls. 

Major  Findings:     In  the  first  ten  months  the  functional  changes  included  an  initial 
and  secondary  unilateral  depression  in  the  photic  evoked  response  in  the  right  visual 
cortex.    There  was  ultrostructure  evidence  for  changes  in  carbohydrate  and  protein 
metabolism  within  three  days  of  exposure,  alteration  in  the  dendritic  plexus  within  4  to   12 
weeks,  and  radionecrosis.  In  the  exposed  area,  within  4  to  5  months  following  irradiation. 
(Special  Issue  of  Brain  Res.  7:  1-120,   1968)     In  nine  additional  preparations,  long-term 
functional  alterations,  up  to  36  months,  have  included  bilateral  depression  of  evoked 
response  and  behavioral  blindness.    The  long-term  structural  changes  have  included 
periodic  brain  swelling,  and  retrograde  transsynaptic  degeneration  within  the  visual 
system . 

During  this  fiscal  year,  two  new  experimental  procedures  have  been  developed 
to  define  the  mechanisms  operating  in  the  long-term  phenomena. 

The  first  consists  of  twelve  monkeys  with  implanted  cerebral  spinal  fluid  catheter- 
reservoir  systems  that  permit  sequential  monitoring  of  the  CSF  pressure  following  irradiation. 
The  catheter,  .065  cm  O.D.,   .030  cm  I.D.,  made  of  medical  grade  silicone  rubber,  was 
inserted  in  the  subarachnoid  space  at  L  2-3.    The  cephalad  projection  was  18-22  cm  that 
approached  or  entered  the  cisterna  magna.    The  caudal  end  was  connected  to  a  modified 
side  inlet  Ommaya  reservoir,   1.5  cm.  in  diameter,  which  was  then  secured  beneath  the 
skin.    For  the  measurement  of  the  CSF  pressure,  the  animal  is  placed  in  a  prone  position 
with  the  head  fixed,  the  limbs  comfortably  restrained,  the  eyes  covered,  and  the  environ- 
ment quiet.    With  sterile  technique  a  22  gauge  needle  is  passed  through  the  skin  into  the 
reservoir.    The  needle  is  connected  to  a  closed  manometric  system  that  measures  the 
pressure  above  the  level  of  the  heart.     Pressure  readings  are  carried  out  over  a  thirty 
minute  period  to  obviate  effects  of  agitation.    Six  weeks  (4  to  8)  after  the  impjanhation  of 
the  catheter-reservoir  system,  the  right  visual  cortex  was  irradiated  in  the  usual  manner. 

Six  of  these  animals  have  shown  pronounced  elevation  in  pressure,  accompanied  by 
papilledema  and  bilateral  obliteration  of  the  visual  evoked  responses,  between  four  and 
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six  monl-hs  following  exposure.    These  have  been  sacrificed  and  their  orbs  and  brains  are 
being  subjected  to  definitive  histological  examination. 

One  of  the  remaining  six  animals  has  shown  an  equally  prominent  elevation  in 
pressure,  followed  by  partial  recovery.    The  other  five  have  shown  only  modest  changes 
in  pressure.    Their  observation  will  continue  for  24  months.     It  is  expected  that  this  series 
will  demonstrate  the  effect  of  brain  swelling  and  papilledema  on  the  degenerative  changes 
within  the  visual  system. 

The  second  series  consists  of  four  monkeys  with  the  right  visual  cortex  surgically 
ablated,  without  exposure  to  x-irradiation.     After  exposure  of  the  right  occipital  lobe,  the 
parieto-occipital  fissure  was  separated  with  the  aid  of  a  dissecting  microscope  and  a  glass 
pipette  that  was  used  as  a  cutting  edge  as  well  as  for  suction.    The  separation  of  the  lateral 
aspect  was  extended  up  over  the  cortex  to  the  medial  aspect,  with  coagulation  of  vessels 
as  indicated.    The  ablation  was  completed  with  the  pipette  extending  the  separation 
ventrally  until  the  tentorium  cerebelli  was  reached.    The  separated  brain  was  removed 
manually.    Subpial  suction  of  the  cortex  along  the  edge  of  the  intact  portion  of  the  brain 
eliminated  the  associated  visual  cortex  completely.    The  course  of  these  four  animals  will 
be  followed  by  visual  evoked  responses  and  they  will  be  sacrificed  at  one,  two,  three,  and 
four  years,  respectively.    This  series  should  demonstrate  the  effect  of  the  loss  of  the  right 
visual  cortex,  without  brain  swelling,  on  the  transsynaptic  degeneration  in  the  visual 
system.     By  utilizing  the  findings  from  these  two  series,  there  should  be  a  better  under- 
standing of  the  long-range  effect  of  x-irradiation  in  the  model  under  study. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute:    The  results 
from  these  investigations  should  have  meaning  and  practical  prognostic  significance  in  the 
Increasing  human  exposure  to  radiation  in  therapeutic  efforts,  the  use  of  nuclear  energy, 
and  space  exploration. 

Proposed  Course:    The  sequence  of  structural  changes,  preceding  from  Intracellular 
to  local  tissue,  to  remote  and  generalized  effects,  with  remissions  and  exacerbations, 
strongly  suggest  isoimmune  reactions  and/or  the  activation  of  an  Infectious  agent  (slow  and 
latent  viruses).    These  possibilities  should  be  energetically  explored  with  new  sertes  of 
Irradiated  and  control  monkeys. 

Eventually  we  must  utilize  the  same  parameters  of  observation  following  exposure  of 
the  brain  to  x-irradlation  according  to  current  therapeutic  practice,  e.g.,  6000  rods  to 
the  whole  head,  in  divided  doses,  over  28  days. 

Honors  and  Awards:    None 

Publications: 

Caveness,  W.  F. ,  Kato,  M.,  Hess,   K.  H.,  Carsten,  A.  L. :    Remote  Effects,  in 
Time  and  Place,  of  X-lrradiation  of  the  Visual  Cortex  in  the  Monkey.    Trans. 
Amer.  Neurol.  Ass.,  96:1971 
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PHS-NIH 

Individual  Project  Report 

July  1,   197)  through  June  30,   1972 


Pro|ect  Title:  Ontogeny  of  Focal  Seizures 

Previous  Serial  Number:     Same 

Principal  Investigator:         William  F.  Caveness,  M.D. 

Other  Investigators:  Motohiro  Kato,  M.D. 

Kenneth  H.   Hess 
Akira  Tanaka,  M.D. 
Raymond  D.  Adams,  M.D. 
Pdui  I.  Yakovlev,  M.D. 
Thomas  L.  Kemper,  M.D. 

Cooperating  Units:    Harvard  University  Medical  School 

Man  Years 

Total:  2.0 

Professional:        .8 
Other:  1.2 

Project  Description 

Objectives:    To  better  understand  the  evolving  seizure  pattern  in  the  developing  brain. 

Methods  Employed:  Focal  seizures  are  induced  by  injecting  25,000  units  of  penicillin 
in  0.025  cc  of  aqueous  solution  Into  the  hand-face  area  of  the  motor  cortex  of  the  macaco 
mulatto  at  successive  age  levels  from  birth  to  young  adulthood. 

The  onset  and  elaboration  of  the  attack  pattern  is  simultaneously  recorded  by 
electrocorticography,  electromyography,  and  clinical  observation. 

The  cerebra  of  the  experimental,  and  a  control,  series  of  animals  are  examined  for 
the  level  of  development  in  cells,  neuropil  and  myelin  with  attention  to  the  motor  cortex 
and  subcortical  tracts  that  are  deemed  relevant. 
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Major  Findings:    A  significant  feature  of  this  investigation,  in  the  macaco  mulatto, 
has  been  the  apparent  dependency  of  the  immature  motor  cortex  on  thalamic  and  other 
subcortical  structures  in  the  development  and  propagation  of  the  paroxysmal  discharge. 

To  test  this  concept,  the  cortical-subcortical  pathways  beneath  the  face  area  in  the 
precentral  gyrus  were  sectioned  in  eight  newborn  monkeys.    The  undercut  cortex  was  then 
injected  with  25,000  units  of  penicillin.    The  paroxysmal  activity  recorded  from  an  array 
of  cortical  electrodes  developed  within  the  undercut  area  and,  except  for  limited  and 
transient  expression,  did  not  spread  beyond  this  region,  suggesting  a  marked  dependency 
upon  the  subcortical  circuitry  for  propagation  of  the  focal  abnormality.    Another  procedure, 
in  eight  newborn  animals,  involved  a  subpial  section  of  the  cortex  on  four  sides  that 
separated  the  face  area  from  the  remainder  of  the  precentral  gyrus  and  the  frontal  cortex 
anterior  to  the  arcuate  sulcus.    When  penicillin  was  injected  into  the  circumsected  cortex 
the  paroxysmal  activity  developed  and  spread  beyond  the  cortical  sections  in  the  superior 
and  inferior  motor  strip  and  to  other  regions  of  the  cortex  with  concomitant  clinical 
expression  of  the  seizure,  suggesting  a  limited  dependence  upon  the  continuity  of  the 
cortex  for  propagation  of  the  abnormal  activity. 

Both  procedures  were  carried  out  in  four  monkeys  at  24  months  of  age.  The  results, 
in  contrast  to  the  findings  in  the  newborn,  indicate  far  greater  dependence  on  the  cortex 
for  the  development  and  propagation  of  the  paroxysmal  activity. 

During  the  past  year,  the  anatomical  substrate  for  the  seizure  activity  in  the  cortex 
has  been  extensively  investigated  with  particular  attention  to  the  developing  fiber  systems, 
as  delineated  by  Nauta  techniques,  and  the  developing  pyramidal  and  stellate  cells  as 
demonstrated  in  Golgi  preparations. 

At  birth,  cortico-cortical  connections  ore  poorly  developed,  and  cortico-subcortical 
circuits  provide  the  major  pathway  for  the  propagation  of  cortical  activity.    In  contrast, 
cortico-cortical  connections  are  prominent  at  24  months  of  age.    This  increase  in  cortical 
connectivity  is  reflected  in  the  postnatal  architectonic  development  of  layers  II  and  III, 
the  loci  of  the  most  dramatic  events  of  the  postnatal  development. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute:     The  results 
from  this  investigation  should  improve  the  understanding  and  management  of  the  age 
dependent  seizure  patterns  in  humans. 

Proposed  Course:    Continuation  of  the  study  of  the  relative  significance  of  cortex 
and  subcortical  structures  at  the  successive  age  levels  in  the  development  and  propagation 
of  the  seizure  discharge.    See  Project  Number  1897. 

Honors  and  Awards:    None 
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Publications: 


Kemper,  T.  L.,  Yakovlev,   P.  I.,  Caveness,  W.  F.,  and  Kato,  M. :  , 
Mal-uroHon  of  the  Motor  Cortex  in  Relation  to  Focal  Seizure  Development 
and  Propagation — Structural  Considerations.    Trans.  Amer.  Neurol.  Ass. 
96:  1971. 
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Project  Title:    Cortical  and  Subcortical  Recording  of  the  Electrical  Reflection  of  Sleep 

Previous  Serial  Number:    Same 

Principal  Investigator:         William  F.  Caveness,  M.D. 

Other  Investigators:  J.  Machek,  M.D. 

F.  King 
K.  Hess 

Cooperating  Units:  institute  of  Physiology,  Czechoslovak  Academy  of  Sciences, 

Prague  and  Neurological  Laboratories 

Man  Years 

Total:  0.5 

Professional:    0.5 
Other:  0.0 

Project  Description: 

Objectives:  A  search  for  the  origin  of  the  principal  forms  that  are  reflected  in  the 
electroencephalogram  during  various  phases  of  sleep. 

Methods  Employed:    The  "generators"  of  the  electrical  forms  of  sleep  have  been 
sought  through  surface  and  depth  recording  in  the  monkey.    This  began  with  observations 
in  the  young  macaco  mulatto,  in  which  the  forms  are  most  prominent,  prior  to  the  full 
development  and  integration  of  the  cortex. 

The  cortical  recording  was  obtained  from  frontal,  temporal,  and  occipital  electrodes, 
bilaterally.    The  depth  recording  was  from  midline  thalamic  structures,  brain  stem  reticular 
formation,  and  the  hippocampus.    The  observations  were  carried  out  during  two  hours  of 
the  normal  sleeping  period,  daily  for  seven  days  after  the  electrode  implantation. 
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Major  Findings:     The  preliminary  findings  implicate  the  reticular  formation  and 
midline  thalamic  structures  with  the  deeper  phases  of  sleep  and  the  hippocampus  with 
drowsiness.    The  limited  availability  of  time  and  other  demands  have  made  necessary 
the  termination  of  this  project. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute:    The  results 
should  add  to  the  understanding  of  the  physiological  parameters  of  normal  sleep  and  long- 
range,  to  the  understanding  of  the  precipitation  factors  in  disease  processes,  e.g., 
convulsive  seizure  coincident  with  sleep. 

Proposed  Course:  Termination 

Honors  and  Awards:    None 

Publications: 

Caveness,  W.  F. ,  Machek,  J.,  King,  F.,  and  Hess,   K. :    Distribution  of 
Electroencephalographic  Sleep  Stages  in  the  Brain  Structures  of  Young 
Monkeys.     Proc.  Giech.  Physiol.  Soc,  Jan.  28-30,   1970. 
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Project  Title:    Regional  Blood  Flow  Studies 

Previous  Serial  Number:    Same 

Principal  Investigator:    William  F.  Caveness,  M.D. 

Other  Investigators:    Motohiro  Kato,  M.D. 

Hideo  Ueno,  M.D. 
Thomas  L.   Kemper,  M.D. 
Louis  Sokoloff,  M.D. 

Cooperating  Units:    Harvard  University  Medical  School 

Laboratory  of  Cerebral  Metabolism,  NIMH 

Man  Years 

Total:  2.0 

Professional:         .8 
Other:  1.2 

Project  Description 

A  logical  extension  of  the  Investigation  of  the  propagation  of  focal  seizures  In  the 
newborn  monkey  is  a  search  for  the  subcortical  circuits  and  nuclear  masses  that  are 
Involved  in  the  seizure  activity.     Previous  studies  by  others  have  attempted  to  define 
"preferential"  pathways  by  depth  recording  or  by  selective  destruction  of  subcortical 
structures.     In  lieu  of  duplicating  their  efforts,  which  are  limited  by  the  position  of  the 
probes,  it  seemed  wise  to  determine  the  natural  course  of  events  by  the  use  of  regional 
blood  flow  techniques,  using  the  ^^C-labeled  antlpyrine  method  developed  by  Sokoloff 
et  al,  at  sequential  intervals  after  the  induction  of  the  seizure.    A  preliminary  survey  has 
indicated  the  appropriateness  of  this  method.    Two  advantages  in  exploring  subcortical 
mechanisms  in  the  newborn  will  be  exploited.     First,  the  level  of  development  and 
integration  of  the  cortex  is  such  that  the  better  developed  subcortical  systems  are  likely 
to  have  clearer  expression.    Secondly,  the  propagation  of  seizure  activity,  at  this  age, 
is  protracted  in  time  providing  a  better  opportunity  to  observe  the  sequential  Involvement 
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of  neuronal  aggregates.    Once  the  natural  progression  is  delineated,  then  one  may 
appropriately  investigate  individual  components  with  depth  recording  or  interruption 
of  activity  by  a  cryoprobe. 

Honors  and  Awards:    None 

Publications: 

None 
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Project  Title:    Activation  of  Unilateral  Visual  Pathways 

Previous  Serial  Number:    Same 

Principal  Investigator:    William  F.  Caveness,  M.D. 

Other  Investigators:    Louis  Sokoloff,  M.D. 

Charles  Kennedy,  M.D. 
Motohiro  Kato,  M.D. 
Kenneth   H.  Hess 
Thomas  L.  Kemper,  M.D. 

Cooperating  Units:    Laboratory  of  Cerebral  Metabolism,  NIMH 
Harvard  University  Medical  School 

Man  Years 

Total:  1.0 

Professional:    0.5 
Other:  0.5 

Project  Description 

Objectives:    To  delineate  the  alteration  in  blood  flow  within  the  various  components 
of  the  visual  system  after  photic  stimulation. 

Methods  Employed:  This  study  has  utilized  three  split  brain  preparations,  young 
adult  macaco  mulatta  with  complete  section  of  corpus  callosum  and  optic  chiasm,  that 
had  been  observed  as  to  their  photic  evoked  response  over  a  period  of  12  months.    The 
monthly  routine  included  unilateral,  and  bilateral  retinal  stimulation.    These  and  three 
control  animals  were  subjected  to       C  antipyrine  regional  blood  flow  studies  following 
stimulation  of  the  right  eye  for  three  minutes.    Three  additional  control  animals  received 
'■^C  antipyrine  studies  without  visual  stimulation. 

Major  Findings:  The  frozen  heads  are  now  being  sectioned  for  autoradiography. 


17n 


Serial  No.  NDS(I)-71  LEN/OC    1898 

Significance  to  Bio-Medical  Research  and  the  Program  of  frhe  Institute:    Fresh 
insight  into  the  relation  of  neurological  function  to  alteration  in  blood  flow,  as 
regards  the  visual  system.    The  split  brain  preparations  will  afford  an  unique  opportunity 
to  compare  the  two  hemispheres  after  unilateral  stimulation.    Exploration  of  a  projection 
to  the  contralateral  hemisphere  through  brain  stem  mechanisms. 

Proposed  Course:     Completion  of  study  within  the  coming  year. 
Honors  and  Awards:    None 
Publications: 

None 
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Project  Title:  Vietnam  Registry,  Analysis  of  Yield 

Previous  Serial  Number:        None 


Principal  Investigator: 
Other  Investigators: 
Cooperating  Units: 


William  F.  Caveness,  M.D. 

Berkley  L.  Rish,  CDR  (MC)  USN 

Office  of  the  Surgeon  General,  USN 
Office  of  the  Surgeon  General,  USA 


Man  Years 

Total: 

1.0 

Professional: 

.5 

Other: 

.5 

Project  Description 

Objectives:    To  insure  uniformity  of  data  collection  in  combat  head  injuries  and 
to  identify  cases  for  present  and  future  studies. 

Methods  Employed:  A  Registry  for  Head  and  Spinal  Cord  Injuries,  as  they  occurred 
in  military  combat  in  Vietnam,  was  developed  at  the  request  of  the  Surgeon  General  of 
the  Navy  and  was  implemented  with  the  cooperation  of  the  Surgeons  General  of  the  Army 
and  Air  Force.    The  yield  from  field  surgeons,   1967-1970,  was  2,043  entries. 

Major  Findings:    The  Registry  includes  1,683  head  injuries,  329  spinal  cord  injuries 
and  31  combinations  of  the  two.    The  average  age  at  time  of  injury  was  22.2  years.     Of 
the  head  injuries,  90%  were  the  result  of  explosively  propelled  missiles,   10%  the  result 
of  vehicular  accidents,  falls,  or  blunt  objects.     In  85%  there  was  local  brain  destruction, 
as  evidenced  by  penetration  of  the  dura  with  cortical  laceration.    60%  of  these  were 
accompanied  by  immediate  loss  in  consciousness,  by  history.    30%  were  in  coma,  responding 
only  to  pain  at  time  of  examination,  that  was  generally  within  six  hours  of  injury.    This 
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provides  an  opportunity  to  group  selected  cases  by  regions  of  focal  damage,  with  and 
without  evidence  of  alteration  in  consciousness.    This  was  displayed  in  an  exhibit  at 
the  annual  meeting  of  the  American  Association  of  Neurological  Surgeons,  in  Boston, 
Massachusetts,  April  1972. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute:    The 
observations  during  the  acute  phase  of  injury  in  these  cases  are  more  uniform  and  probably 
more  accurate  than  any  previous  series  of  comparable  size.    This  provides  an  extra- 
ordinary opportunity  for  studies  of  prognostic  factors  and  the  natural  history  of 
disabilities  in  central  nervous  system  trauma. 

Proposed  Course:    The  evaluation  of  these  data  is  being  completed  with  particular 
attention  to  wound  characteristics  and  the  events  during  the  acute  phase  of  injury. 

Honors  and  Awards:    None 

Publications: 

None 
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ANNUAL  REPORT 
July  1,  1971  through  June  30,  1972 
Laboratory  of  Neurochemistry,  Intramural  Research 
National  Institute  of  Neurological  Diseases  and  Stroke 

Donald  B.  Tower,  Chief 

The  past  year  has  been  marked  by  two  major  developments  affecting  the 
Laboratory,  one  administrative  and  the  other  scientific.  The  administrative 
development  has  resulted  in  the  splitting  off  from  the  Laboratory  of  the  unit 
formerly  designated  as  the  Section  on  Lipid  Chemistry.  At  the  end  of  the 
previous  fiscal  year,  agreement  in  principle  had  been  reached  on  the  amal- 
gamation with  the  Laboratory  of  the  Section  on  Child  Neurology  (a  clinical 
unit  from  the  NINDS  Surgical  Neurology  Branch) .  However,  a  concurrence  on 
the  details  of  implementation  was  not  achieved,  and  the  Heads  of  the  Sections 
on  Lipid  Chemistry  and  on  Child  Neurology  proposed  formation  of  a  separate, 
new  unit,  the  Developmental  and  Metabolic  Neurology  Branch.   Despite  some  mis- 
givings about  the  wisdom  of  this  proposal,  the  Laboratory  staff  has  acquiesced 
and  the  new  unit  has  now  come  into  existence.  As  a  result,  the  Laboratory 
has  given  up  one  Section,  9  of  its  21  positions,  8  of  its  21  modules  (plus  a 
cold  room),  and  approximately  one-half  of  its  operating  budget.   In  addition, 
there  has  been  a  substantial  dislocation  of  facilities  and  equipment,  with  the 
necessity  for  some  revamping  and  relocation  of  certain  operations.   From  a 
programmatic  standpoint,  the  Laboratory  has  not  abandoned  responsibility  for 
research  in  the  neurochemistry  of  lipids,  since  both  the  projects  and  capa- 
bilities exist  in  the  Section  on  Physiology  and  Metabolism,  where  current  re- 
research  on  membranes  and  receptors  deals  directly  with  the  lipid  (as  well  as 
other)  constituents  of  these  structures.  Moreover,  it  is  clear  from  the  final 
set  of  reports  on  projects  from  the  former  Section  on  Lipid  Chemistry  that 
the  direction  of  most  of  their  research  has  shifted  from  an  emphasis  on  research 
into  sphingoglycolipid  metabolism  in  lipid  storage  diseases  to  emphasis  on 
clinical  trials  of  enzyme  replacement  therapy  in  such  disorders  and  on  related 
clinical  interests.   For  these  and  other  reasons,  a  subdivision  of  the  Labora- 
tory was  probably  inevitable,  but  the  ability  of  the  Laboratory  to  generate  a 
viable  off-spring  and  to  continue  as  a  strong  research  group  deserves  special 
recognition. 

Thus,  the  foregoing  administrative  development  has  in  no  way  impaired  or 
slowed  the  research  programs  in  progress.   If  anything,  the  Laboratory  has 
been  strengthened  by  retention  of  a  more  homogeneous  and  closely-knit  group 
which  retains  a  common  interest  in  basic  problems  of  the  functional  organiz- 
ation of  neural  membranes.  Moreover,  there  has  been  a  significant  new  dimen- 
sion added  to  the  scientific  program  of  the  Laboratory  with  the  resort  by  all 
units  to  tissue  culture  techniques  for  resolution  of  several  of  the  problems 
under  investigation.   In  our  view,  this  has  been  a  healthy  development  since 
it  calls  upon  tissue  culture  as  a  tool  in  the  elucidation  of  various  phenomena 
rather  than  as  an  end  in  itself.  A  modest  but  functional  tissue  culture  unit 
has  been  installed  in  a  suitably  isolated  module  and  several  of  the  staff  have 
received  or  are  training  in  the  techniques  for  cultures  of  single  cell  lines 
in  suspension  or  on  supportive  media  and  for  cultures  of  explants. 
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In  addition  to  the  specific  applications  referred  to  below  and  in  the 
individual  project  reports,  the  Laboratory  has  a  major  interest  in  utilizing 
tissue  culture  to  help  in  solving  a  fundamental  problem  facing  neurological 
research  today.   Currently  a  great  deal  of  effort  is  being  expended  in  attemp- 
ting to  separate  from  neural  tissue  samples  pure  fractions  of  the  individual 
cell  species  in  good  functional  condition.   So  far  the  latter  goal  has  not 
been  achieved  since  all  published  methods  produce  fractions  enriched  to  vary- 
ing degrees  with  specific  cell  types  but  containing  cells  with  vastly  altered 
permeability  characteristics,  especially  with  respect  to  their  abilities  to 
maintain  selective  ionic  permeabilities  and  selective  membranal  transport 
systems.   Tissue  cultures  of  pure  cell  lines  present  analogous  problems  in 
the  harvesting  of  cells  from  solid  support  media  (glass,  plastic,  collagen, 
etc.)  without  compromising  permeability  characteristics  of  the  cell's  plasma 
membrane,  but  the  situation  is  much  simpler  than  that  for  a  sample  of  organized 
CNS  tissue  and  is  more  amenable  to  experimental  manipulation.   Because  of  our 
interest  in  fluid  and  electrolyte  metabolism  and  in  certain  enzymes  which  are 
typically  localized  to  the  cell's  plasma  membrane,  truly  adequate  monitoring 
of  the  permeability  characteristics  of  the  cells  under  various  conditions  of 
harvesting  can  be  assured.  Extension  of  successful  techniques  to  fraction- 
ating cultured  explants  should  provide  the  necessary  bridge  to  approaching 
the  ultimate  application  to  tissue  samples  from  brain  and  spinal  cord.   This 
whole  problem  is  of  prime  importance  to  many  areas  of  neurological  research. 
With  luck  we  anticipate  that  this  Laboratory  can  make  major  contributions  to 
its  solution. 

Of  the  progress  reported  in  the  accompanying  individual  project  reports, 
only  a  few  areas  will  be  commented  on  here.  The  relative  paucity  of  advances 
contained  in  the  final  reports  from  the  former  Section  on  Lipid  Chemistry  re- 
flects both  the  difficulties  inherent  in  large-scale  purification  of  enzymes 
in  forms  suitable  for  administration  to  patients  and  the  shift  in  administra- 
tive and  research  interests  already  discussed.   In  addition  the  success  of  the 
pioneering  efforts  by  the  Lipid  Chemistry  group  to  establish  diagnostic  and 
pregnancy  monitoring  procedures  for  the  various  lipid  storage  diseases  is 
such  that  many  non-NIH  and  non-Federal  groups  have  entered  these  areas  and 
have  essentially  taken  over  and  expanded  much  of  the  work  load  originally 
performed  by  the  Lipid  Chemistry  unit . 

The  roles  of  glial  cells  (presumably  astrocytes)  in  modulating  various 
processes  directly  affecting  neuronal  function  are  of  special  concern  to  the 
Section  on  Amino  Acids  and  Electrolytes.   Since  the  original  proposal  from 
Kuffler's  laboratory  that  astrocytes  provide  the  "spatial  buffering"  for  the 
excess  potassium  liberated  from  neurons  (physiologically  or  pathologically) , 
the  complexity  of  the  situation  has  increased  enormously.   Bourke  (while  in 
our  Laboratory)  contributed  the  knowledge  that  chloride  ions  are  involved, 
that  the  astrocyte  is  probably  both  a  high  potassium  and  a  high  chloride  cell, 
and  that  the  spatial  buffering  of  potassium  probably  involves  a  potassium- 
dependent  uptake  of  chloride  into  the  astrocytes.   These  proposals  are  cur- 
rently being  tested  by  our  tissue  culture  studies  in  this  project.   Subsequently 
Bourke  has  reported  that  the  uptake  of  chloride  by  glia  and  the  associated 
glial  swelling  can  be  prevented  by  acetazolamide,  an  inhibitor  of  carbonic 
anhydrase  (a  glial  enzyme).   This  observation  suggests  that  astrocytes  may  be 
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equipped  with  a  system  that  couples  the  inward  transport  of  chloride  (stimulated 
by  external  potassium)  and  outward  transport  of  bicarbonate  (catalyzed  by  car- 
bonic anhydrase) .  An  additional  aspect  may  be  a  recently-reported  bicarbonate- 
activated  ATPase.   Furthermore,  the  localization  to  glia  of  the  new  form  of 
glutamic  decarboxylase  (GAD-II)  reported  from  Roberts'  laboratory  to  produce 
GABA  in  the  presence  of  anions  (e.g.,  chloride,  lactate)  and  the  apparent 
localization  of  anaerobic  glycolysis  to  glia  (as  reported  in  the  current  pro- 
ject report  from  this  Laboratory)  provide  added  dimensions  to  what  is  now  a 
very  complex  but  most  intriguing  glial  system.   In  view  of  our  evidence  for  a 
relative  constancy  of  the  cerebral  cortical  glial  population  regardless  of 
species,  species  brain  size,  or  neuronal  population,  and  in  view  of  the  now 
well-established  late  proliferation  of  astroglia  during  maturation  of  the  CNS, 
even  more  dimensions  must  be  considered.   It  is  exciting  to  see  what  was  once 
thought  of  as  a  structural  supporting  component  with  limited  potential  now 
assuming  a  very  central  role  in  the  modulation  of  processes  vital  to  neuronal 
function,  with  distinct,  if  not  total,  relevance  to  the  clinical  problems  of 
epilepsy  and  cerebral  edema.  The  studies  underway  in  the  Section  on  Amino 
Acids  and  Electrolytes  are  at  the  forefront  of  many  of  the  aspects  just  dis- 
cussed and  may  be  expected  to  contribute  significantly  to  their  further  eluci- 
dation. 

Equally  interesting  are  the  findings  emerging  from  the  studies  by  the 
Section  on  Physiology  and  Metabolism  on  enzyme  markers  for  plasma  membranes  of 
cells.   A  most  important  contribution  has  been  the  clear  demonstration  that 
techniques  for  isolating  pure  membrane  fractions  from  one  organ  of  one  species 
at  one  age  are  not  applicable  (without  major  modifications  or  entirely  new 
conditions)  to  such  isolations  from  other  organs  of  the  same  species,  from 
the  same  organ  of  other  species,  or  from  the  same  organ  of  the  same  species 
at  different  stages  in  ontogenetic  development.   That  there  should  be  such 
differences  is  not  surprising  unless  one  clings  to  the  unlikely  notion  of  a 
plasma  membrane  of  stereotyped  composition  common  to  all  cells.  An  important 
observation  by  the  Section  has  been  the  presence  of  "ecto-enzymes"  functioning 
as  nucleotide  phosphohydrolases  on  the  external  surface  of  the  cell's  plasma 
membrane.   The  full  significance  of  this  finding  remains  to  be  elucidated,  but 
it  adds  a  new  dimension  to  the  functional  organization  of  the  plasma  membrane. 
A  second  important  contribution  has  been  the  review  conducted  by  the  Section 
of  the  specificity  of  various  enzymes  as  marker-enzymes  for  membranes.   Of 
the  many  enzymes  proposed  and  examined,  only  adenyl  cyclase  (catalyzing  the 
reaction:  ATP  ^  cyclic  AMP  [adenosine-3' ,5' -monophosphate]  +  pyrophos- 
phate [PPf])  could  be  considered  as  probably  a  specific  membrane  marker.  This 
conclusion  is  important  because  of  the  clear  necessity  for  an  unambiguous 
marker  enzyme  with  which  to  monitor  the  purity  and  yield  of  preparation  of 
isolated  membranes. 

Among  the  most  interesting  and  important  data  to  be  obtained  during  the 
year  are  those  provided  by  the  Section  on  Enzyme  Chemistry  for  the  Na-K- 
activated  ATPase.   Real  progress  is  being  made  in  solubilizing  and  purifying 
the  enzyme  complex,  with  retention  of  a  majority  of  the  original  activity.   If 
current  progress  continues,  we  may  expect  to  have  available  a  highly-purified, 
highly  active  enzyme  preparation  with  which  immunochemical  and  structural 
studies  can  be  initiated.  Already  some  idea  has  been  obtained  of  the  lipid 
components  not  required  and  those  necessary  for  phosphorylation  of  the  enzyme. 
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And  continuing  kinetic  studies  on  partially  purified  preparations  are  providing 
considerable  insight  into  the  detailed  mechanisms  by  which  the  enzyme  complex 
may  actually  mediate  monovalent  cation  transport.  The  allosteric  effects  of 
sodium,  when  bound  simultaneously  by  the  "non-specific"  cationic  site,  in 
markedly  amplifying  the  affinity  of  the  "specific"  cationic  site  for  potassium 
suggest  that  the  sites  may  in  fact  represent  the  ionophores  (or  "carrier"  sites) 
Other  evidence  strongly  indicates  that  the  water  necessary  for  the  potassiim- 
dependent  dephosphorylation  step  is  accessible  to  the  reaction  site  only  as 
part  of  the  hydrated  shell  of  the  potassium  ion.  Thus,  piece-by-piece  the 
Enzyme  Chemistry  group  is  solving  the  puzzle  of  this  most  complex  enzyme  system 
that  is  so  central  to  the  biochemical  basis  of  bioelectrogenesis.  As  in 
previous  years,  the  studies  by  this  group  remain  at  the  forefront  of  advancing 
knowledge  in  this  area  by  contributing  significant  advances  that  reflect  care, 
precision,  ingenuity  and  an  exceptional  degree  of  insight  and  imaginativeness. 

In  summary  we  may  say  that  despite  the  rather  considerable  vicissitudes 
of  this  year,  the  program  of  the  Laboratory  is  flourishing  and  productive, 
with  several  significant  major  advances  in  evidence.  The  comments  made  last 
year  about  the  contributions  of  our  younger  scientists  (the  research  associates 
and  staff  fellows)  and  the  extent,  value  and  effectiveness  of  our  many  col- 
laborations with  other  NINDS,  NIH  and  outside  groups  are  no  less  true  this 
year.  And  again  this  year  the  senior  staff  members  of  the  Laboratory  have 
received  numerous  recognitions  of  their  contributions  to  neurochemistry.  Many 
of  these  aspects  are  recorded  in  the  individual  project  reports.   It  is  per- 
haps sufficient  to  note  here  that  the  ability  of  the  Laboratory  to  survive  a 
major  subdivision  and  to  continue  to  flourish  bears  witness  to  the  soundness 
of  the  program  and  the  abilities  and  contributions  of  staff  and  collaborators 
alike.  The  major  projects  already  alluded  to  probe  some  of  the  most  important 
and  fundamental  problems  in  neural  sciences,  problems  which  underlie  our  under- 
standing of  key  aspects  of  neural  function  and  of  major  derangements  thereof. 
The  fruitfulness  of  our  current  studies  encourages  us  to  expect  major  contri- 
butions by  the  Laboratory  to  the  solutions  of  those  problems. 
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Project  Description: 

Obj  ectives :     To  investigate  the  metabolic  interrelationships    (and 
factors    affecting  them)    of  amino  acids,   especially   of  the  glutamate 
and  aspartate  group,   in  the  free  and  protein-bound  pools   of  neural 
tissues,     with  emphasis    on  cerebral   cortex  studied  in  vitro. 

Methods :      In  addition  to  standard  procedures  utilizing  slices   or  homoge- 
nates  of  neural  tissues    incubated  under  usual  jji  vitro  conditions, 
specific  procedures   and  assay  methods "are  referred  to  or  outlined  in  the 
appropriate  section  of  "Major  Findings"  below. 

Major  Findings  : 

(A)    Comparative  Studies:     Additional  samples   of  cerebral  cortex  and 
subcortical  white  matter  fron  fin  whale    (B^.   physalus)    and  sei  whale 
iB.   borealis) ,  with  brain  weights   averaging  6800   g  and  4400   g,   respective- 
ly, were  obtained  and  frozen  at  the  Nova  Scotia  whaling  station  and 
brought  back  to  Bethesda.     The  data  on  fin  whale   cerebral  cortex  reported 
in   last  year's    report  were   confirmed  and  extended.      Particular  attention 
was   given  to  the  possibility    (originally  suggested  by  comparative  data 
on   cortical  neuronal  densities    [Tower,  J.   Comp.   Neurol.    101:    19,   1954] 
^  and  on  cortical  glia/neuron  indices    [Friede,   Acta  Anat .    20:   290,    1954; 

5n  ' 


I 


Serial  No.   NDS(1)-61   LNC/AAC  810 

Hawkins    and  Olszewski,   Science   126:    76,    1957])that  there  is    a  relatively 
constant    cortical  density  o±  glial   cells  over  the  entire  range  of 
manmalian  species    from  mouse    (brain  wt  .   0.4  g)   to  whale    (brain  wts    of 
7000  g  or  more).      In   last  year's  studies   support   for  this   possibility 
was  provided  by  the  data  on  the  activity  of  butyrylcholinesterase 
(BuChE)    in   cerebral   cortical  samples   from  various  mammalian  species. 
From  rat  to  whale  the  activity  was    constant    at  about   0.1  ymole  of 
butyrylthiocholine  hydrolyzed/g  of  cortex  per  min,   or  some  3-10%  of  the 
activity  of  cortical  AQiE,  which   is    clearly  neuronally   localized  and 
decreases   as   a  function  of  increasing  species   brain  size  pari  passu  with 
the   decrease   of  cortical  neuronal  density    [Tower  §  Elliott,  Am.   J. 
Physiol.    168:   747,    1952J .      Since  BuChE   is   known  to  be   absent    from  neurons 
and  localized  primarily  to  glial  cells    [Koelle,  Handbuch  E^V-   Pharmakol., 
Suppl.    15,    1963],  these  data  provided  support    for  the  concept   of  a 
relatively  constant   cortical  population  of  glial   cells   regardless  of 
spe  ci  es . 

To  further  test  this    concept    additional  studies  on  cerebral  cortical 
samples   from  a  variety   of  mammalian  species  were   carried  out  to  determine 
the  activity   of  carbonic  anhydrase,   another  enzyme  clearly  localized 
primarily  to  glial   cells    [Giacobini,  J.   Neurochem.   9:    169,    1962].      A 
number  of  comparisons   between  beef  and  fin  whale  cortex  were  made 
utilizing  the  method   [Whitney  et_  al .  ^   J.    aioi.    Chem.    242:   4206,   1967] 
dependent  upon  hydrolysis    of  ^-nitrophenyl acetate   and  spectrophotometric 
measurement   of  the   liberated  £-nitrophenol.      But  most   of  the  studies   on 
guinea  pig,    cat,  beef  and  v\diale  cerebral  cortex  were   carried  out  by  an 
adaptation  of  the  specific  manometric  method  of  Krebs    §  Roughton   [Biochem. 
J_.    43:   550,   1948].     This  method  involves  the  measurement    of  CO     liberated 
when  a  0.05  M  solution  of  NaHCO     is   added  to  an  enzyme  source  m  0.1  M 
phosphate  buffer  at   pH  6.8,  witn  correction  for  the  non-enzymatic 
evolution  of  CO- .      In  the  original  procedure,   separate  experimental  and 
control  vessels   tipped  simultaneously  by  two  people  were  described  and 
the    control  vessel   contained  water  in  place  of  the  enzyme  suspension. 
We  found  that  the  use  of  the  Summerson   differential  manometer  fitted  with 
two  Dixon-Keilin  vessels   of  exactly  equal  volumes    and  used  as  two  simple 
manometers  permitted  one  person  to  tip  both  vessels   simultaneously   and 
hence  permitted  considerable  simplification   of  the  original  procedure. 
Our  assays  were  carried  out   at   15°C  and  otherwise  as   recommended  by  Krebs 
d,  Roughton,   except  that   in  the   control  vessels  we  used  an  aliquot   of  the 
same  enzyme  source  plus   0.1  M  acetazolamide    (Diamox)   to  inhibit  the  enzyme. 

Under  these   conditions   reproducible  activities   for  replicate  samples   of 
standard  enzymes   and  of  cerebral  cortex  and  for  several-fold  variations 
in  tissue  concentrations  were  obtained.      Moreover,  the   activity   of  car- 
bonic anhydrase  in  cerebral   cortex  was   constant  over  the  range  of  species 
examined,   from  guinea  pig   (brain  wt   4.8  g)  to  fin  whale    (brain  wt.    6800  g)  , 
with  an  average  value  .of  6.3  ymoles   of  CO     evolved/min  per  g   of  tissue. 
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Til  is   finding  confims  the  impress  ioB  deducible  from  the  mmid!!   earlier 
scattered  data  reported  by  Winifred  Ashby  and  extends  the   range  o£  brain 
sixes  by  another  order  of  magnitude.     As   a  conseqmence^  the  case  for  a 
constancy  of  the  glial  population  in  mamiialian  cerebral   cortex^  regard- 
less   of  species   and  over  more  than  5  orders   o£  magnitude  of  brain  size^ 
is  greatly  strengthened.     We  are  currently  assessing  a  third  measure  o£ 
glia  in   collaboration  with  Dr.    Blake  Moore ^  the  discoverer  o£  the  glial- 
specific  S-100  protein.     Preliminary  data  indicate  that  fin  ^and  sei 
whale  cerebral  cortex  is  rich  in  S-100  protein,  but  detailed  quantitative 
data  and  a  careful  comparative  survey  remain  to  be  completed.     These  data 
can  only  be  considered  a  first  approximation  to  what  must  be  a  very 
complex  situation   regionally  and  ardiitectonically.      It  is  not  even 
established  whether  it  is   indeed  numbers    (or  densities)  o£  glial  cells 
or  peAaps  some  more  functional  parameter  sudi  as  volume  or  surface 
area  that  the  demonstrated  constanQ^  reflects.     Nevertheless  even  with 
this   approximation  J,  we  face  several  important  questions   regarding  the 
roles  of  glial  cells  in  edema,   anaerobic  glycolysis   and  the  "spatial 
buffering"  of  extracellular  K     [as  discussed  in  the  succeeding  project: 
NIB  (1) -61  LNC/AAC  811]    in  the  cerebral   cortices   o£  various  species. 

(B)   Tissue  Culture  Studies;     As   described  in  detail  in  the 
accompanying  project    [NDSC1)-61  INC/MC  811]  ,   cultures  &£  a  hamster 
astrocyte  cell  line   (originally  developed  by  Sdiein)  were  initiated  primarily 
to  study  certain  aspects  o£  fluid  and  electrolyte  metabolism.     However, 
as  part  of  these  studies,  development  of  procedures  for  assays  o£  pirotein 
content  by  the  Lowry   fJ.    Biol.   Chem.    193:   265,   1951)  technique  has  been 
a  necessary  adjunct.     These  studies  are  still  in  progress,  but  prelimi- 
nary data  indicate  the  feasibility  of  carrying  out  the  analyses  on  the 
cultures  grown  on  covers  lips  without  removal   from  the  covers  lip   =-  a 
procedure  of  considerable  advantage  since  the  uncertainties   of  physical 
removal  of  cells   from  the   coverslips   impose  difficulties  in  reproducibility 
and  hence  uncertainties  in  the  use  of  protein  as  the  primary  reference 
standard  for  the  other  measurements,  such  as  dry  weight,  ion  contents 
and  fluxes^   and  engyme  activities,  now 


Significance;     This  project  bears  'directly  upon  the  fundamental  problem 
of  delineating  some  of  the  interrelationships  between  cerebral  structure 
and  metabolism^   and  between  metabolism  and  functional   activity,  so  that 
an  eventual  integration  of  these  facets   of  cellular  neurodiemistiy  can 
be  realized. 

Proposed  Course;     To  continue  studies  along  the   lines   indicated,      (1) 
The  comparative  studies   (especially  on  whale  specimens)  will  be  continued 
utilising  samples  both  from  the  Nova  Scotia  whaling  station  and  hopefully 
from  the  Scripps   Institute  "R/V  Alpha  Helix"  1972  expedition  to  the  Bering 
Sea  for  beluga  wkales.     The  latter  studies  have  been  arrasged  through  the 
collaborative  cooperation  of  Dr.   Keith  Miller  (at  the  Institute  o£  Arctic 
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Biology,  University  of  Alaska,    Fairbanks)  ,  the  principal  investigator 
for  the  whaling  phase  of  the  expedition.      Attention  will  be  given  to 
comparison  of  specimens  biopsied  during  life  or  immediately  after  death 
with  those  many  hours   old,   and  further  studies    on  the  S-100   and  other 
brain-specific  proteins  will  be  undertaken  in   collaboration  with  Dr. 
Blake  Moore.      (2)    Ihe  immunochemical  studies   on  the  AGL-40   acidic 
protein    (described  in   last  year's   report)   will  be  resumed.      {5)    Further 
investigation  of  the   ciyogenic  phenomena   (described  in   last   year's 
report)   will  also  be  resumed  when  hibernating  rodents    again  become 
available.      C^h^  colony  on  which  we  were  depending  was  wiped  out    and 
we   await   its   reestablishment) .      (4)   We   anticipate  that  the  tissue 
culture  studies  will   involve  studies   of  other  cell   lines   for  which 
adaptation  of  protein  analyses  will  be   required  and  that   studies   of  the 
two  types   of  glutamic  decarboxylase    (I   in  neurons   and  II   in   glia)    for 
synthesis   of  GABA  will  be  essential  to  fully  explore  the  effects   of 
chloride  ion  as   a  potential  activator  of  the  glial  enzyme. 
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cerebral  and  hepatic  microsomes:    _ isolation  of  a  protein    (AGL-40) 
composed  primarily  of  glutamyl,   aspartyl  and  lysyl  residues  with 
hematin-binding  properties.      In  Buniatian,   H.    Ch.    (Ed.):     V  op  rosy 
Biokhimii  Mozga   [Problems   of  the  Biochemistry  of  the  Brain]    (vol.    7). 
Yerevan,   Publishing  House  of  the  Academy  of  Sciences,  Armenian  SSR, 

1972,  in  press. 
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1.  Neurochemistry 

2.  Amino  Acids  §  Electrolytes 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  Electrolytes  and  Energy  Metabolism  in  Cerebral  Tissues. 

Previous  Serial  Number:   Same. 

Principal  Investigators:   D.  B.  Tower,  M.D.,  Ph.D.;  T.  H.  Gill,  M.D. 

Other  Investigators:  0.  Young;  G.  Mook;  R.  Collins,  M.D. 

Cooperating  Units :   Dept.  of  Neurosurgery,  Roswell  Park  Memorial  Institute, 

Buffalo,  N.  Y.;  Dept.  of  Neurology,  Albert  Einstein 
College  of  Medicine,  Bronx,  N.  Y.;  NIAMD  Digestive  5 
Hereditary  Diseases  Branch. 

Man  Years : 


Total:  2.0 
Professional:  1.8 
Other:        0.2 

Project  Description: 

Objectives :  To  study  the  in  vitro  metabolism  of  electrolytes  and  of 
energy-producing  cycles  and  compounds  thereof,  primarily  in  incubated 
slices  of  cerebral  cortex  and  subcortical  white  matter  (or  in  equivalent 
whole-cell  preparations,  such  as  tissue  culture)  and  where  possible  to 
extend  and  evaluate  such  studies  in^  vivo. 

Methods :   In  addition  to  established,  standard  methods  for  preparation 
and  incubation  of  slices  (or  homogenat'es)  of  brain  tissue  or  cultures 
of  specific  cell  lines  in_  vitro,  with  use  of  appropriate  media  and  indi-  . 
cator  solutes,  specific  procedures  and  applications  are  referred  to  or 
outlined  in  the  appropriate  sections  of  "Major  Findings"  below. 

Major  Findings: 

(A)  Comparative  studies  on  anaerolic  glycolysis:  As  part  of  the  com- 
parative studies  detailed  in  the  preceding  report  [NDS(1)-61  LNC/AAC  810], 
we  undertook  an  evaluation  of  the  rates  of  anaerobic  glycolysis  in  samples 
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of  cerebral  cortex  from  mice,  rats,  guinea  pigs,  cats,  monkeys,  beef  and 
fin  whale  (B^.  physalus) ,  reflecting  a  range  of  brain  weights  from  0.4  g 
(mouse)  to  7000  g  (whale) .  A  few  data  were  published  by  Elliott  §  Hender- 
son [J.  Neurophysiol.  11:   473,  1948]  suggesting  that  as  the  cortical 
oxygen  consumption  in  these  species  decreased  as  a  function  of  increasing 
species  body  size,  the  ratio  of  cortical  anaerobic  glycolysis  to  cortical 
oxygen  consumption  increased  significantly.  There  were  insufficient  data 
to  evaluate  the  full  significance  of  their  suggestion,  but  it  implied  to 
us  that  cortical  anaerobic  glycolysis  might  be  primarily  a  glial  function. 
This  possibility  derived  from  observations  described  last  year  and  this 
year  in  the  preceding  report  [NDS(1)-61  LNC/AAC  810]  that  there  is  a  cons- 
tancy of  the  glial  population  in  mammalian  cerebral  cortex  regardless  of 
species,  whereas  the  cortical  neuronal  density  decreases  as  a  function  of 
increasing  species  brain  size  [Tower,  J.  Comp.  Neurol.  101:   19,  1954]. 

Anaerobic  glycolysis  was  measured  manometrically  on  samples  of  cerebral 
cortex  homogenized  in  a  bicarbonate-buffered  saline-glucose  medium  con- 
taining 3  mM  K"*"  and  supplemented  with  2  mM  pyruvate.  The  tissue  concen- 
tration was  33  mg/ml  and  a  total  volume  of  3.0  ml.  of  homogenate  was 
assayed  with  02-free  95%  N2-5%  CO2  in  the  gas  phase.  These  conditions 
are  essentially  those  used  in  the  original  study  by  Elliott  5  Henderson. 
Where  direct  comparisons  could  be  made,  close  correspondence  with  their 
values  were  obtained.  We  found  that  regardless  of  species,  over  the  range 
of  species  brain  weights  from  0.4  g  to  7000  g,  the  rate  of  cortical 
anaerobic  glycolysis  remained  in  the  range  of  50-60  ymoles  of  CO2  evolved/ 
hr  per  g  of  cerebral  cortex.  The  samples  of  whale  cortex  had  been  frozen, 
but  we  found  by  parallel  studies  on  fresh  and  frozen  beef  cortex  that  the 
frozen  cortex  (after  thawing)  glycolyzed  anaerobically  at  about  35%  of 
the  rate  of  fresh  tissue.  Hence  the  values  for  fresh  whale  cortex  were 
calculated  from  the  values  for  frozen  cortex  by  this  factor  (a  procedure 
that  we  had  previously  shown  to  be  valid  for  O2  consumption  of  frozen 
specimens,  after  thawing  [see  report  NDS(1)-61  LNC/AAC  810  for  1970-71]. 

Since  there  was  no  significant  trend  in  the  rates  of  anaerobic  glyco- 
lysis for  the  various  species  examined,  despite  a  4-fold  difference  in 
cortical  oxygen  consumption  between  mouse  and  whale,  we  interpret  the 
glycolytic  data  to  be  consistent  with  a  primary  localization  of  anaercfcic 
glycolysis  in  cortical  glial  cells.  We  are  not  aware  that  this  possibility 
has  been  previously  entertained;  hence  if  further  substantiated,  it  would 
represent  a  new  finding  of  considerable  importance.   In  the  context  of 
the  proposed  role  of  cortical  glial  cells  in  the  "spatial  buffering"  of 
extracellular  K"*",  which  in  anaerobiosis  clearly  increases  by  leakage  from 
neurons,  the  availability  of  an  energy-generating  system  in  adjacent  glia 
operant  during  anaerobiosis  to  fuel  the  ion  pumps  would  represent  a  func- 
tionally important  modulating  system. 
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(B)  Tissue  Culture  Studies  on  K-dependent  Transport  of  Chloride: 
In  preceding  years  studies  in  this  and  related  projects  led  to  the  for- 
mulation by  our  former  associate.  Dr.  R.  S.  Bourke,  of  a  role  of  cerebral 
cortical  astrocytes  in  the  K-dependent  transport  of  chloride  ions  into 
the  glial  cells,  presumably  an  elaboration  of  the  role  of  these  cells  in 
the  "spatial  buffering"  of  K"^  proposed  by  Orkand  et_  al_.    [J.  Neurophysiol . 
29:   788,  1966]  and  extended  by  Trachtenberg  5  Pollen  [Science  167: 
1248,  1970].  To  evaluate  the  role  of  chloride  in  these  contexts,  it 
seemed  obvious  that  resort  to  tissue  culture  was  necessary  to  permit  us 
to  study  the  kinetics  of  CI -transport  and  the  effects  of  inhibitors, 
competitors  and  other  variations  in  conditions. 

Accordingly,  this  year  has  been  devoted  to  creating  a  modest  tissue 
culture  facility  in  which  various  specific  cell  lines  could  be  maintained 
and  studied.   Dr.  Murray  Bernstein  (Albert  Einstein  Medical  School)  gener- 
ously made  available  time  and  facilities  to  train  one  of  us  (T.  G.)  in 
basic  techniques  and  his  procedure  for  culturing  explants  of  neural 
tissues.   Our  facilities  are  still  incomplete  in  many  respects  but  the 
equipment  orders  and  renovation  requests  are  in  process  and  should  shortly 
be  accomplished.  Meanwhile  flask  and  cover-slip  (in  Petri  dish)  cultures 
of  the  hamster  astrocyte  cell  line  originally  isolated  by  Schein  (McLean 
Hospital,  Belmont,  Mass.)  are  being  successfully  grown.   Preliminary 
reference  data  on  dry  weights,  protein  contents,  and  ionic  contents  have 
been  accumulated  and  trials  of  studies  with  radio-inulin  (to  correct  for 
extracellular  components)  and  with  radio-chloride  (to  measure  uptake)  have 
demonstrated  the  practicality  of  these  stages  in  our  study.  We  have  found 
that  the  use  of  a  chloride-free  culture  medium  (in  which  isethionate  is 
substituted  for  chloride)  will  support  good  growth  of  the  cells  but  with 
a  shift  in  pH  achieved  by  the  culture  system.  This  latter  phenomenon 
remains  to  be  fully  elucidated  but  we  think  it  likely  that  it  may  reflect 
the  effect  of  the  lack  of  chloride  on  the  glial  carbonic  anhydrase  sys- 
tem (an  analogy  to  the  situation  in  erythrocytes  in  which  the  "CI -shift" 
is  coupled  to  a  "bicarbonate-shift"  catalyzed  by  carbonic  anhydrase) . 
This  possibility  receives  support  from  recent  studies  by  Bourke  §  Nelson 
[J.  Neurochem.  19:   663;  and  1225,  1972]  in  which  the  carbonic  anhydrase 
inhibitor,  acetazolamide  (Diamox) ,  prevents  Cl-induced  cortical  edema 
(in  glia)  in  vitro  and  in  vivo.   Studies  on  the  Na-K-activated,  Mg- 
dependent  ATPase  of  these  glial  cultures  have  been  initiated  in  collabora- 
tion with  Dr.  Collins  (LNC,  Section  on  Enzyme  Chemistry).  And  the  ability 
to  prepare  and  culture  explants  of  neural  tissue  by  the  Bernstein  tech- 
nique has  been  established. 

Significance:  Energy-yielding  metabolism  is  the  basic  factor  underlying 
neuronal  function  and  activity,  and  electrolyte  metabolism  (which  clearly 
depends  upon  it)  provides  a  fundamental  link  between  cellular  chemistry 
and  the  functional  activity  of  impulse  conduction.  The  understanding  of 
factors  involved  is  essential  for  the  elucidation  of  both  normal  func- 
tioning of  neural  tissues  as  well  as  deranged  functions  of  hyperactivity 
states. 
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Proposed  Course:  To  continue  investigations  along  the  lines  indicated. 
Emphasis  will  be  given  to  the  tissue  culture  work  with  attention  to  the 
investigations  of  (a)  chloride  transport  including  effects  thereon  of 
other  halogen  ions  (notably  perch lorate]  and  of  inhibitors  of  various 
types;  (b)  the  problems  of  freeing  cultured  cells  from  their  growth  sup- 
port without  compromising  the  permeability  characteristics  of  the  cell's 
plasma  membrane  (since  no  currently  reported  procedures  satisfy  this  re- 
quirement) ;  (c)  the  behavior  of  the  murine  neuroblastoma  line  isolated 
by  Nirenberg  (and  if  possible  a  murine  line  of  astrocytoma)  in  experiments 
on  chloride  transport  comparable  to  those  carried  out  in  (a)  above;  and 
(d)  the  behavior  of  explant  cultures,  both  controls  and  cultures  modified   | 
to  "delete"  selectively  the  oligodendroglia  and/or  neurons  and  to  promote 
astrogliosis,  in  experiments  comparable  to  those  in  (a)  above. 

Additional  studies  concerned  with  metabolic  aspects  of  the  chemotherapy 
of  neoplasms  metastatic  to  the  brain  and  with  evaluation  of  the  "no-reflow" 
phenomenon  in  experimentally-induced  stroke  in  primates  in  vivo  are  depen- 
dent upon  the  approval  and  funding  of  two  contract  proposals  submitted  by 
this  laboratory  and  awaiting  decision. 

Honors  and  Awards : 

Tower,  D.  B.: 

Invitation  as  guest  of  the  American  Association  of  Neurological  Surgeons 
(Harvey  Gushing  Society)  to  participate  in  a  seminar  on  cerebral  edema 
at  the  1972  Boston  meeting. 

Publications: 

1.  Matsen,  F.  A.  and  West,  C.  R. :  Supracortical  fluid:   a  monitor  of 
albumin  exchange  in  normal  and  injured  brain.  Amer.  J.  Physiol.  222: 
532-539,  1972. 

2.  West,  C.  R.  and  Matsen,  F.  A.:  Effects  of  ischemia  on  electrolytes 
of  cortical  CSF  and  brain  water.  'J.  Neurosurg.  36:   in  press, 
June  1972. 
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1.  Neurodiemistry 

2.  Enzyme  Chemistry 

3.  Bethesda,  Md. 

PHS-NIH 
Individual  Project   Report 
July   1,    1971  through  June  30,    1972 

Project  Title;     Enzymological  Aspects    o£  Neural   Function. 

Previous   Serial  Number:     Same. 

Principal  Investigator:      R.    W.    Albers,    Ph.D. 

Other  Investigators:      R.    Collins,  M.D.;   S.    Goldman,    Ph.D.;    D.   Jean,    Ph.D.; 

and  G.   J.    Koval. 

Cooperating  Units:  Section  on  Trophic  Nerve  Function,  LNNS,  NINDS;  DCRT- 
^ M  Lab. 

Man  Years : 

Total:  6.0 

Professional:     5.0 
Other:  1.0 

Project   Description: 

Objectives:     To  assess  the  functional  roles,  molecular  structures   and 
mechanisms  of  enzyme  systems  which   characterize  neural  tissue  or  which 
respond  to  neural  influences.      Current   studies   are  directed  toward 
[1)   the  Na'^-K*-ATPase  which   is   the  basis   for  the   electrical  potential 
developed  across  neurons,    and   (2)   myosin  ATPases  which   appear  to  be 
under  neural   control   at  the   genetic  level. 

Methods  : 

General  Methods    -  The  relation  of  certain  enzymes  or  enzyme  systems 
to  neural  functions   is  usually  deduced  from  neurophysiological  or 
metabolic  studies   on  intact  organisms   or  relatively  intact  tissues. 
Observations    on  the  effects    of  e.g.   behavioral  or  pharmacological 
interventions    as   reflected  in   levels    of  metabolites   or  other  tissue 
constituents  may  permit   deductions   as  to  their  possible  enzymatic 
basis. 

Biochemical   investigations   in  this  section  usually  begin  as    an  investi- 
gation into  the  existence  of  a  particular  enzyme  or  enzyme  system 
hypothesized  from  physiological   data.      This  may  involve  development  or 
modification  of  an   analytical  method  based  upon  the  chemical  properties 
of  the  reactants   or  products  of  the  hypothetical  enzyme  reaction. 
Optical  or  radioisotope  techniques   are  commonly  employed. 
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If  the   initial  hypothesis   is    confirmed,    further  explorations    of  the 
properties   of  the  enzyme  are  designed  to  further  test   the  correlation 
of  properties   of  the  enzyme  with   function  and  to  elucidate  the  molecular 
bases   of  neural   function.      These  studies   ordinarily  require  some  puri- 
fication of  the  enzyme  by  conventional  techniques   of  solubilization, 
salt   fractionation,   and  chromatography. 

Characterization  of  the  purified  enzyme  by  kinetic,  physical    and 
degradative  analyses    can  lead  to  the   formulation  of  various   subsidiary 
hypotheses    concerning  e.g.,  physiological  regulation,   mechanisms   of 
drug  action  or  possible  relationships  to  pathological  processes. 

Specific  Methods    -   The  Section  on  Enzymes  has   directed  most  of  its 
attention  for  several  years   to  the    (Na     +  K  ) -dependent   ATPase  which 
is   the  biochemical  expression  of  the  active  Na     transport  process. 

The  specific  methods   required  for  these  studies  have  included  develop- 
ment of  several  assay  systems   for  the  ATPase  and  related  reactions, 
based  on  optical   and  radioisotopic  principles.      Since  this   enzyme 
system  is    an  integral   component  of  plasma  membranes,  we  have  extensively 
investigated  and  developed  methods    of  solubilizing  membrane  proteins 
with  detergents   and  organic  solvents.      The  conventional  protein  puri- 
fication methods    are  not   applicable  to  these  proteins.      New  purification 
procedures  have  been  developed  to  be   compatible  with  the  use  of  deter- 
gents  and  organic  solvents.      Numerous   other  analytical  procedures   are 
utilized  as  required,   e.g.    for  the  analysis   of  phospholipids   associated 
with  the  Na'^-K  -ATPase. 

Kinetic  studies   of  the  Na  -K  -ATPase  involve  the  analysis   of  the 
complex  interactions    of  substrates,   products,   activators,    inhibitors 
and,   in  some   cases,    artificial  substrates.      In  most  respects,  the 
kinetics   of  this    enzyme  are  "non -hyperbolic,"  i.e.   do  not   conform  to 
the  simple  application  of  the  Michaelis-Menten  equation.     These 
deviations  evidently  result   from  conformational  changes    of  the  enzyme 
protein  which   are  thought  to  be  directly  related  to  the  transport 
capabilities    of  the  system.      Accordingly,   analyses  of  these  kinetics 
afford  rather  direct    insigjits   into  the  molecular  behavior  of  this 
system.     We  have  recently  begun  use  of  the  DCRT-MLAB  curve- fitting 
program  which  promises  to  be  an  invaluable  aid. 

Many  of  the  procedures   developed  for  study  of  the  Na   -ATPase  are 
directly  applicable  to  the  study  of  other  ATPases.      Conversely,  the 
study   of  other  ATPases   can  produce  valuable  insights  which   feed  back 
into  the  Na  -ATPase  study. 

The  study  of  the  neural   control   of  skeletal  myosin   (in   collaboration 
with  Dr.    Guth  of  the  NINDS-LNNS)    is    an  instance  of  this  .     The  myosin 
ATPase   can  be  readily  obtained  in  soluble  and  rather  pure   form  and  is 
therefore  amenable  to  application  of  more  conventional  biochemical 
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techniques.      This  has   given  us  valuable  experience  in  the  use  of  proteo- 
lytic fragmentation   combined  with   gel   electrophoresis  to  produce  a 
"fingerprint"  of  the  enzyme  which   can  be  used  to  distinguish  between 
two  closely  related  proteins.      In  the   case  of  myosin,  this  permits 
analysis    of  the  neural   control  of  the  biosynthesis   of  "fast"   and 
"slow"  myosins.      This   experience  may  lead  to   analogous  te^n'iques    for 
investigating  the  possibility  of  multiple  forms   of  the  Na  -ATPase. 

Major   Findings  : 

+  + 

(a)  Kinetic  studies  of  the  role  of  K  in  the  activation  of  Na  -ATPase: 

Earlier  work  by  ourselves  and  others  has  demonstrated  that  K  appears 
to  decrease  the  interaction  of  ATP  with  the  enzyme.   This  behavior  is 
subject  to  several  interpretations.   However,  at  sufficiently  low  K* 
levels ,  the  effects  of  K  on  the  apparent  K  and  on  the  V    are 
parallel.  This  type  of  "uncompetitive  activation"  is  observed  in  cases 
of  two-substrate  substituted  enzyme  reactions  as  the  activating  effect 
of  one  substrate  on  the  other.  Since  K   (1)  is  known  to  participate 
in  the  dephosphoiylation  of  the  phosphoryl  enzyme  and  (2)  the  second 
substrate  in  this  substituted  enzyme  reaction  is  H_0,  the  observations 
are  consistent  with  the  entry  of  water  into  the  reaction  in  close 
association  with  K  .   That  is  to  say  that  this  evidence  is  consistent 
with  the  hypothesis  that  water  is  accessible  to  the  reaction  site  only 
as  part  of  the  hydration  shell  of  K   (Koval  and  Albers) . 

(b)  The  transport  function  of  Na'^'-ATPase  must  involve  combining^ 
sites  ("carriers"  or  "ionophores")  which  are  specific  for  Na  and  K' 
and  which  are  "moved"  by  the  ATPase  reaction.  There  is  general  agree- 
ment from  physiological  studies  that  some  degree  of  coupling  exists 
between  Na"^  and  K"*"  transport,  with  most  flux  measurements  supporting  a 
coupling  ratio  of  3/2, 

A  major  question  about  the  molecular  basis  of  this  process  can  be 
formulated  as  follows:  are  there  two  physically  distinct  carriers  for 
Na"^  and  K"*",  or  is  there  a  single  carrier  which  alternates  in  its  speci- 
ficity for  Na"*"  and  K  by  a  conformational  change? 

The  latter  case  has  usually  been  assumed  since  it  appears  simpler: 
a  single  carrier  would  never  have  to  "move"  in  an  empty  state,  and  the 
change  in  specificities  corresponding  to  the  "in"  and  "out"  configurations 
would  facilitate  discharge  as  well  as  uptake  of  the  transported  cations. 

Skou  has  reviewed  some  arguments  in  support  of  two  anti-parallel 
carriers  (Current  Topics  in  Bioenergetics,  Vol.  4_,  1971).  However,  he 
assumes  that  both  carriers  alternate  in  their  cation  specificities.  We 
reported  last  year  that  our  kinetic  studies  with  the  use  of  p-nitro- 
phenylphosphate  as  an  artificial  substrate  have  demonstrated  two  quali- 
tatively different  sites  for  monovalent  cations.  One  has  almost  no 
activity  when  occupied  by  Na"*";  the  other  can  be  occupied  with  almost 
equal  efficacy  by  either  Na'^  or  K  . 
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We  now  have  data  which  seems  to  indicate  that  the  "non-specific" 
site  is  primarily  an  allosteric  regulator  which  effectively  increases 
the  K"^  affinity  for  the  "specific"  site  by  about  10-fold.   Thus,  the 
highest  K"""  affinity  occurs  when  the  enzyme  simultaneously  binds  Na"*" 
at  another  site.   It  remains  to  be  demonstrated  that  one  or  both  of 
these  sites  are,  in  fact,  ionophores  (Koval  and  Albers) . 

(c)  Structural  studies  on  the  Na  -K  -ATPase:  We  have  completed  a 
comparative  study  of  the  gel  electrophoretic  patterns  of  plasma  membrane ' 
proteins  from  various  tissues  solubilized  with  dodecyl  sulfate.   It  was 
possible  to  identify  the  position  of  the  Na+-ATPase  protein  in  these 
electrophoretic  patterns  by  incubating  the  membranes  with  [^^P] -ATP  in 
the  presence  of  either  Na"*"  or  K  ,  according  to  our  previously  developed 
procedure.   In  all  membrane  fractions  it  has  been  possible  to  identify 

a  Na  -dependent  phosphorylation  of  a  protein  with  a  mol.  wt.  of  85,000 
to  95,000  daltons. 

Extensive  development  of  the  technique  of  molecular  sieving  of  proteins 
through  controlled-porosity  glass  has  resulted  in  a  useful  large-scale 
procedure  for  isolating  membrane  proteins  solubilized  by  detergents. 
Preliminary  observations  indicate  that  the  Na'''-ATPase  is  solubilized  in 
a  higher  state  of  aggregation  when  neutral  detergents  are  used  rather 
than  dodecyl  sulfate.   It  seems  probable  that  such  studies  can  demon- 
strate an  oligomeric  enzyme  structure  (Collins) . 

(d)  Use  of  cultured  neuroblastoma  cells  to  demonstrate  regulation 
of  Na'''-ATPase  activity:  A  procedure  has  been  developed  for  isolating 
plasma  membranes  from  neuroblastoma  cells.  This  has  been  applied  to 
cells  grown  under  several  different  conditions.   Early  results  have 
established  that  the  phosphoryl  protein  can  be  identified  and  that  a 
low  but  measurable  level  of  Na'''-ATPase  is  present.  Certain  conditions 
of  culture  appear  to  depress  the  amount  of  Na"''-ATPase  in  these  mem- 
branes (Collins) . 

(e)  Removing  all  or  part  of  the  membrane  phospholipids  has  been 
studied  with  respect  to  the  Na"''-ATPaSe  activity.  A  procedure  which  re- 
moves most  of  the  phosphotidyl  choline  and  phosphatidyl  ethanolamine, 
but  leaves  the  phosphatidyl  serine  intact,  produces  partial  inhibition 
of  enzyme  activity  but  does  not  depress  the  amount  of  phosphoryl  enzyme 
formed  from  [^  P]-ATP.   Kinetic  studies  of  the  associated  partial  re- 
action have  been  studied  in  an  effort  to  further  define  this  effect 
(Goldman) . 

(f)  The  effect  of  cross -innervation  and  other  physiological  condition- 
ing on  the  type  of  myosin  produced  in  a  given  skeletal  muscle  has  been 
studied  using  several  biochemical  techniques  for  differentiating  "fast" 
from  "slow"  myosin.  This  project  will  be  reported  in  detail  in  the 
report  of  the  Section  on  Trophic  Nerve  Function  (Serial  No.  NDS(l)-63 
LNNS/TNF  1054) . 
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Significance:  The  enzyme  systems  currently  under  study  are  both  o£  major 
functional  significance  with  respect  to  the  nervous  system.  The  Na"*"- 
ATPase  is  the  biochemical  expression  of  active  Na"*"  transport  which  is 
the  primary  process  for  maintaining  the  electrical  activity  of  the  brain. 
Myosin  is  the  major  contractile  protein  of  muscle.  As  such,  it  reflects 
the  neural  control  of  muscle  function  as  well  as  the  physiological  res- 
ponses of  muscle  to  use,  disuse  and  disease. 

Proposed  Course:  All  current  aspects  of  this  project  will  be  continued. 
It  is  hoped  to  extend  the  kinetic  studies  to  more  direct  measurements 
of  conformational  changes  by  the  use  of  a  rapid-reaction  spectrophoto- 
meter which  is  now  being  requisitioned.  Tlie  structural  studies  will  be 
extended  with  the  implementation  of  our  new  techniques  for  large-scale 
preparation  of  purified  membrane  proteins.  This  may  be  combined  with 
Dr.  Goldman's  interest  in  phospholipids  and  their  interactions  with  the 
purified  protein.  Dr.  Jean's  techniques  of  tryptic  digestion  may  be 
applicable  to  this  protein.   Dr.  Adil  Shamoo  (Albert  Einstein  Medical 
School)  will  spend  a  year  jointly  with  this  Section  and  with  the  NINDS 
Laboratory  of  Biophysics.  We  envisage  that  he  may  be  able  to  study  the 
properties  of  isolated  membrane  proteolipids  when  incorporated  into 
synthetic  lipid  bilayer  membranes. 


Publications: 


1.  Albers,  R.  W. :  The  biochemistry  of  cell  membranes.   In  Albers,  R.  W. , 
Agranoff,  B,  W.,  Katzman,  R.,  and  Siegel,  G.  J.  (Eds.):   Basic  Neuro- 
chemistry.   Boston,  Little,  Brown,  19  72,  in  press. 

2.  Albers,  R.  W. :  The  molecular  biology  of  neural  receptors.   In 
Albers,  R.  W.,  Agranoff,  B.  W.,  Katzman,  R.,  and  Siegel,  G.  J.  (Eds.): 
Basic  Neurochemistry.   Boston,  Little,  Brown,  19  72,  in  press. 

3.  Albers,  R.  W.,  and  Koval,  G.  J.:   Sodium-potassium-activated  adeno- 
sine triphosphatase.  VII.   Concurrent  inhibition  of  Na''"-K'''-ATPase 
and  activation  of  K  -nitrophenylphosphatase  activities.  J.  Biol. 
Chem. ,  in  press. 

4.  Collins,  R.  C,  and  Albers,  R.  W. :  The  phosphoryl  acceptor  protein 
of  Na'*'-K"*'-ATPase  from  various  tissues.  J.  Neurochem.  19:   1209-1213, 
1972. 
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1.  Neurochemistry 

2.  Lipid  Chemistry 

3.  Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  Metabolism  of  Complex  Lipids  of  Nervous  Tissue,   Studies  on 
Gaucher's  Disease,  Niemann-Pick  Disease,  Fabry's  Disease, 
Krabbe's  Disease  and  Metachromatic  Leukodystrophy. 

Previous  Serial  Number:   Same. 

Principal  Investigator:   Roscoe  0.  Brady,  M.D, 

Other  Investigators:  A.  E.  Gal,  Ph.D.,  W.  G.  Johnson,  M.D.,  P.G.  Pentchev, 

Ph.D.;  R.  M.  Bradley,  G.  E.  Mook  and  Helene  Cambier. 

Cooperating  Units:   Weizmann  Institute  of  Science,  Rehovoth,  Israel. 

Man  Years: 


Total: 
Profes 
Other: 

sional: 

4. 
2. 
2. 

,8 

,3 
,5 

Project 

Descript 

ion: 

Objectives:   (1)  to  elucidate  the  biosynthetic  pathways  for  the  formation 
of  long  chain  fatty  acids,  cerebrosides,  gangliosides,  and  sphingomyelin; 

(2)  to  study  the  control  mechanisms  which  regulate  these  processes;  and 

(3)  to  study  the  metabolic  fate  of  sphingolipids  in  normal  and  lipo- 
dystrophic  disease  states. 

14 
Methods :   Glucocerebroside  and  galactocerebroside  labeled  with   C  in 

either  the  hexose  or  fatty  acid  portion  of  the  molecule  have  been 

synthesized,   l^c-labeled  sphingomyelin  and  gluco-and  galactopsychosine 

have  been  similarly  prepared.  Ceramide-trihexoside  and  ceramide 

tetrahexoside  (globoside)  uniformly  labeled  with  radioactive  hydrogen-'^H 

have  been  prepared.  The  metabolism  of  these  labeled  materials  has  been 

investigated  in  vivo  and  in_  vitro. 

Major  Findings:   We  have  continued  to  serve  as  a  center  for  the  diagnosis 
of  patients  and  the  detection  of  heterozygous  carriers  for  all  of  the  lipid 
storage  diseases.   Requests  and  samples  have  come  from  all  over  the  world 
for  these  assays  and  we  have  never  refused  to  perform  a  single  test. 
Much  current  work  is  devoted  to  the  monitoring  of  pregnancies  at  risk  for 
these  heritable  metabolic  disorders.  During  the  past  year,  we  con- 
clusively identified  two  fetuses  affected  with  Niemann-Pick  disease  and 
one  with  Gaucher 's  disease.  Other  fetuses  were  normal  or  symptomatically 
unaffected  heterozygotes  like  the  parents. 
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The  purification  of  glucocerebrosidase  is  progressing  satisfactorily 
despite  its  being  very  tightly  bound  to  subcellular  particles.   In 
another  study,  if  our  recently  purified  ceramidetrihexosidase  is  free  of 
pyrogens,  we  shall  initiate  our  investigations  of  the  efficacy  of 
infusion  of  this  enzyme  for  the  treatment  of  patients  with  Fabry's 
disease. 

Significance:  The  diagnosis  of  patients  with  ten  now  known  sphingolipi- 
doses  is  now  an  important  public  function  of  the  National  Institutes  of 
Health.   Similarly,  carrier  detection  and  pregnancy  monitoring  represent 
impressive  advances  and  the  delivery  of  much  practical  benefit  derived 
from  basic  biomedical  research  to  the  community. 

Proposed  Course:   Continuation  of  work  on  purification  of  enzymes 
involved  in  the  metabolic  disorder  in  Gaucher 's  disease  and  in  Fabry's 
disease,  to  obtain  pure  enzymes  in  sufficient  quantity  for  trials 
of  replacement  therapy.  Continued  monitoring  of  pregnancies  at  risk  and 
heterozygous  carriers  of  these  diseases. 

Honors  and  Awards : 


Brady,  R.  0.,  Guest  of  Dr.  Frank  Field  on  "Research  Project:  Tay-Sachs 
Disease,"  WNBC-TV,  Sunday,  December  5,  1971;  repeated,  Sunday  May  7,  1972. 


Publications: 


1.  Brady,  R.  0.,  Johnson,  W.  G.,  and  Uhlendorf,  B.  W. :  Identification 
of  heterozygous  carriers  of  lipid  storage  diseases.  Current  status 
and  clinical  applications.  Amer.  J.  Med.,  51:423-431,  October  1971. 

2.  Epstein,  C.  J.,  Brady,  R.  0.,  Schneider,  E.  L.,  Bradley,  R.  M.,  and 
Shapiro,  D.:   In  utero  diagnosis  of  Niemann-Pick  disease.  Am.  J. 
Hum.  Genet.,  23:533-535,  September  1971. 

3.  Brady,  R.  0.,  Genetic  counseling.  Med.  Ann.  District  of  Columbia 
40:430-435,  July  1971. 

4.  Ho,  M.  W. ,  Seek,  L.,  Schmidt,  D.,  Veath,  M.  L.,  Johnson,  W.  G.,  Brady, 
R.  0.,  and  O'Brien,  J.  S.,  Adult  Gaucher's  disease;  kindred  studies 
and  demonstration  of  a  deficiency  of  acid  3-glucosidase  in  cultured 
fibroblasts.  Am.  J.  Hum.  Genet.,  24:37-45,  January  1972. 

5.  Brady,  R.  0.,  Lipidoses.  Chapter  in  Handbook  of  Neurochemistry, 
Vol.  7,  A.  Lajtha,  Editor,  Plenum  Press,  New  York,  1972,  pp. 33-46. 

6.  Brady,  R.  0.  The  antenatal  diagnosis  of  lipid  storage  diseases. 
Chapter  in  Antenatal  Diagnosis,  A.  Dorfman,  Editor,  University  of 
Chicago  Press,  1972,  pp.  193-200. 
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1.  Neurochemistry 

2.  Lipid  Chemistry 

3.  Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Structural  and  Metabolic  Studies  of  Gangliosides  in  Normal 
Humans  and  Patients  with  Tay-Sachs  Disease. 

Previous  Serial  Number:   Same. 

Principal  Investigator:   R.  0.  Brady,  M.  D. 

Other  Investigators:   John  F.  Tallman,  Ph.D.,  Andrew  E.  Gal,  Ph.D.; 

Jane  M.  Quirk. 

Cooperating  Units:   None. 

Man  Years : 

Total:  2.3 
Professional:  1.3 
Other:        1,0 

Projection  Description: 

Objectives:   To  investigate  the  structure  and  metabolism  of  gangliosides. 

Methods :  Tay-Sachs  ganglioside  [N-acetylgalactosaminyl- (N-acetylneura- 
minyl)-galactosyl-glucosylceramide)  has  been  labeled  in  the  N-acetyl- 
neuraminic  acid  portion  of  the  molecule  with  radiohydrogen-^H  and  in  the 
N-acetylgalactosaminyl  moiety  with  radiocarbon- 14c,   Labeled  precursors 
of  these  materials  were  administered  to  neonatal  rats  by  intracranial 
injection.   Mixed  radioactive  gangliosides  were  isolated  from  the  brains 
of  these  animals  and  treated  with  bacterial  neuraminidase.  The  product 
of  this  reaction,  monosialoganglioside,  was  isolated  by  preparative 
thin- layer  chromatography.  This  compound  was  converted  to  labeled  Tay- 
Sachs  ganglioside  through  the  use  of  a  newly  discovered  g-galactosidase. 

Major  Findings:   The  site  of  the  metabolic  defect  in  Tay-Sachs  disease 
has  now  been  conclusively  identified  with  the  use  of  Tay-Sachs  ganglio- 
side specifically  labeled  in  the  N-acetylgalactosaminyl  portion  of  the 
molecule.  There  is  complete  absence  of  the  enzyme  hexosaminidase  A 
which  catalyzes  the  cleavage  of  the  terminal  molecule  of  N-acetylgalacto- 
samine  from  Tay-Sachs  ganglioside  in  the  tissues  of  patients  with  this 
disease  (Site  1) .   Sialidase  activity  (Site  2)  is  normal  in  patients  with 
Tay-Sachs  disease. 
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TAY-SACHS  GANGLIOSIDE 

(1) 

14 
Ceramide-glucose-galactose -N-acetylgalactosamine-[  C] 

C2) 

3 
N-acetylneuraminic  acid-[  H] 

We  have  purified  hexosaminidase  A  from  human  urine  and  placenta.  A 
portion  of  the  purified  urinary  enzyme  was  administered  intravenously  to 
a  patient  with  the  0-variant  form  of  Tay-Sachs  disease  (total  hexosamini- 
deficiency) .  The  kinetics  of  the  clearance  of  the  enzyme  from  the  blood- 
stream were  determined  and  the  amount  of  enzyme  which  entered  the  brain 
and  liver  were  determined  by  biopsying  the  respective  organs. 

Significance:  The  demonstration  of  the  nature  of  the  metabolic  defect  in 
Tay-Sachs  disease  now  permits  the  consideration  of  rational  therapeutic 
measures  for  attempts  at  alleviating  this  disoi'der.   Furthermore,  tests 
have  been  developed  for  the  early  diagnosis  of  infants  as  well  as  the 
antenatal  detection  of  fetuses  affected  with  Tay-Sachs  disease. 

Proposed  Course:   We  shall  extend  our  work  on  the  purification  and 
therapeutic  trials  of  the  enzyme  involved  in  the  catabolism  of  Tay-Sachs 
ganglioside.  Highly  purified  hexosaminidase  A  has  very  little  effect 
on  the  natural  ganglioside,  whereas  it  is  very  active  against  artificial 
substrates  such  as  4-methylumbelliferyl-N-acetyl-galactosamine.   It  is 
necessary  to  find  an  explanation  for  this  discrepancy  in  catalytic 
activities  and  obtain  enzyme  preparations  with  high  enzymatic  activity 
towards  the  accumulating  ganglioside. 

blications: 

1.  Brady,  R.  0.  and  Kolodny,  E.  H. :   Disorders  of  ganglioside  metabolism. 
In  Steinberg,  A.  G.  and  Beam,  A.  G.  (Eds.):   Progress  in  Medical 
Genetics,  Vol.  VIII,  New  York,  Grune  and  Stratton,  1972,  pp.  225-241, 

2.  Tallman,  J.  F.,  Brady,  R.  0.,and  Suzuki,  K. :   Enzymatic  activities 
associated  with  membranous  cytoplasmic  bodies  and  isolated  brain 
lysosomes.  J.  Neurochem.   18:   1775-1777,  1971. 

3.  Max,  S.  R.,  and  Brady,  R,  0.:  Alteration  of  the  ganglioside  composi- 
tion of  skeletal  muscle  in  murine  muscular  dystrophy.  Nature  (New 
Biology)  233:   55-56,  1971. 

4.  Quirk,  J..  M.,  Tallman,  J.  F.  and  Brady,  R.  0.:   The  preparation  of 
trihexosyl-  and  tetrahexosyl  gangliosides  specifically  labeled  in  the 
N-acetylgalactosaminyl  moiety.  J.  Labeled  Compd.,  1972  (in  press). 
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Brady,  R.  0.,  Tallman,  J.  F,,  Johnson,  W.G.  and  Quirk,  J.M. 
An  investigation  o£  the  metabolism  of  Tay-Sachs  ganglioside 
specifically  labelled  in  critical  portions  of  the  molecule.   In 
Aronson,  S.N.  and  Volk,  B.W.  (Eds.):   Sphingolipids,  Spingolipidoses 
and  Allied  Disorders,  New  York,  Plenum  Publishing  Co.,  1972,  (in  press) 

Johnson,  W.  G.,  Desnick,  R.I.,  Long,  D.  M.,  Sharp,  H.L.,  Krivit,  W. , 
Brady,  B.  and  Brady,  R.  0.:   Intravenous  injection  of  purified 
hexosaminidase  A  into  a  patient  with  Tay-Sachs  disease.  National 
Foundation  Original  Article  Series,  in  press. 
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1.  Neurochemistry 

2.  Lipid  Chemistry 

3.  Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Immunochemical  Studies  in  Multiple  Sclerosis. 

Previous  Serial  Number:   Same . 

Principal  Investigator:   Rolf  Sammeck,  M.D. 

Other  Investigators:   R.  0.  Brady,  M.D. 

Cooperating  Units ;  None. 

Man  Years: 

Total:  1.1 
Professional:  1.1 
Other:        0 

Project  Description: 

Objectives :  To  determine  whether  auto- immune  phenomena  participate 
in  the  pathogenesis  of  neurological  diseases. 

Methods :  The  kinetics  of  myelin  basic  protein  metabolism  have  been 
obtained  through. the  intracisternal  administration  of  ring-labelled 
DL-tryoptophan-  C.   Purified  myelin  was  obtained  from  different  regions 
of  the  central  nervous  system  and  myelin  basic  protein  was  extracted 
and  subsequently  isolated  by  disc  gel  electrophoresis. 

Major  Findings:  The  enzymes  involved  in  the  catabolism  of  myelin  basic 
protein  were  investigated  in  various  portions  of  the  central  nervous 
system  before,  during,  and  after  the  major  period  of  myelination. 
Marked  chronological  and  regional  differences  were  found  in  the  activity  of 
these  catabolic  enzymes.  Furthermore,  kinetic  evidence  was  obtained  for 
the  existence  of  a  precursor  of  myelin  basic  protein. 

Significance:  There  are  two  aspects  of  this  study  which  are  of  special 
importance.   Enhancement  of  our  knowledge  of  the  pathway  and  kinetics 
of  the  biosynthesis  and  turnover  myelin  basic  protein,  the  unique  anti- 
genic protein  of  myelin,  should  provide  insight  into  the  processes 
involved  in  the  formation  of  the  myelin  sheath.   Secondly,  it  has  long 
been  considered  a  strong  possibility  that  multiple  sclerosis  and  perhaps 
other  demyelinating  diseases  result  from  autoimmune  reactions  involving 
specific  components  of  the  nervous  system.  Myelin  basic  protein  (or 
fragments  thereof)  seem  likely  reactants  in  such  phenomena. 
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Proposed  Course:  Project  terminated  because  principal  investigator 
(R.S.)  returned  to  Germany  after  his  post-doctoral  affiliation. 

Publications: 

1.  Sammeck,  R.,  Martenson,  R.  E.,  and  Brady,  R.  0.:   Studies  of 
the  metabolism  of  myelin  basic  protein  in  various  regions  of  the 
central  nervous  system.   Brain  Res.  34:  241-254,  1971. 

2.  Sammeck,  R.,  and  Brady,  R.  0.:   Studies  of  the  catabolism  of 
myelin  basic  proteins  of  the  rat  iii  situ  and  in  vitro.   Brain 
Res.  (in  press) . 
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1.  Neurochemistry 

2.  Lipid  Chemistry 

3.  Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Studies  on  the  Metabolism  of  Sphingolipids  in  Tumor  Tissues. 

Previous  Serial  Number:   Same 

Principal  Investigator:   R.  0.  Brady,  M.D. 

Other  Investigators:   P.  H.  Fishman,  Ph.D.,  and  R.  M.  Bradley. 

Cooperating  Units:  National  Cancer  Institute. 

Man  Years : 

Total:  1.6 
Professional:  1.3 
Other:        0.3 

Project  Description: 

Objectives:  To  determine  the  metabolic  pathways  of  sphingolipids  in 
neoplastic  tissues. 

14     3 
Methods :  Various  complex  sphingolipids  are  synthesized  with  C  or  H 

labels.  The  metabolic  fate  of  these  materials  is  studied  in  vivo  and  in 

vitro  in  normal  and  neoplastic  tissue  preparations.  The  pathways  and 

kinetics  of  complex  lipid  synthesis  and  catabolism  are  followed  in  normal 

and  tumorigenic  virus-transformed  cells  in  tissue  culture.   Similar 

studies  are  carried  out  in  well  differentiated  hepatocyte  and  chemically 

induced  hepatoma  cell  lines. 

Major  Findings:  The  dramatic  difference  between  tumorigenic  virus-trans- 
formed cell  lines  and  the  parent  cell  lines  in  the  ganglioside  composition 
is  caused  by  a  block  of  the  enzyme  which  catalyzes  an  obligatory  step 
in  the  biosynthesis  of  gangliosides.   Further  investigations  have  revealed 
that  in  certain  "flat  revertant"  cells  which  had  been  previously  trans- 
formed with  virus,  the  activity  of  the  blocked  enzyme  returns  to  normal. 
The  ganglioside  pattern  also  returns  to  normal.  This  restoration  of 
enzymatic  activity  and  ganglioside  composition  occurs  in  cells  from  which 
the  tumorigenic  virus  can  be  "rescued."  However,  these  revertant  cells 
are  phenotypically  normal,  are  contact-inhibited  in  culture,  and  are  no 
longer  tumorigenic.  These  observations  indicate  a  coordinate  link  between 
the  phenotypic  properties  of  the  cells  and  the  activity  of  the  enzyme 
hematoside:N-acetylgalactosaminyltransferase  which  is  obligatory  for  the 
biosynthesis  of  higher  ganglioside  homologs  present  in  normal  cells  but 
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which  is  absent  in  DNA  virus-transformed  tumorigenic  derivatives. 

Significance:  Elucidation  of  the  control  processes  which  bring 
about  depression  and  restoration  of  the  ganglioside  synthesizing 
enzyme  is  potentially  very  important  for  obtaining  insight  into 
metabolic  changes  that  occur  in  oncogenesis. 

Proposed  Course:   Extension  of  these  studies  to  RNA-virus  transformed 
cells  and  to  cells  rendered  tumorigenic  as  the  chemical  carcinogens. 
Elucidation  of  mechanism (s)  by  which  presence  of  the  viral  genome  is 
or  is  not  expressed  and  the  mechanism (s)  for  the  consequent  control  of 
ganglioside  biosynthesis. 

Publications : 

1.  Cumar,  F.  A.,  Fishman,  P.  H.,  and  Brady,  R.O.:  Analogous  reactions 
for  the  biosynthesis  of  monosialo-  and  disialo-gangliosides  in 
brain.   J.  Biol.  Chem.  246:  5075-5084,  1971. 

2.  Mora,  P.  T.,  Cumar,  F.  A.,  and  Brady,  R.  0. :  A  common  biochemical 
change  in  SV40  and  polyoma  virus  transformed  mouse  cells  coupled 
to  control  of  cell  growth  in  culture.  Virology  46:  60-72,  1971. 

3.  Dijong,  I.,  Mora,  P.  T.,  and  Brady,  R.  0.:   Gas  chromatographic 
determination  of  gangliosides  in  mouse  cell  lines  and  in  virally 
transformed  derivative  lines.   Biochemistry  10:  4039-4044,  1971. 

4.  Mora,  P.  T.,  and  Brady,  R.  0.:  Changes  in  cell  membrane  biochemistry 
upon  transformation  in  culture  by  tumorigenic  DNA  viruses.  Trans- 
plantation Proceedings,  111,  1213-1215,  1971. 

5.  Genetics  of  abnormal  lipid  metabolism  in  Current  Topics  in  Bio- 
chemistry: NIH  Lecture  Series,  1971.  C.  B.  Anfinsen,  R.  F. 
Goldberger,  and  A.  N.  Schechter,  Editors.  Academic  Press,  New  York, 
1972,  in  press. 
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Serial  No.   NDS(l)-67  LNC/LC   1457 

1.  Neurochemistry 

2.  Lipid  Chemistry 
5.   Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  The  Chemical  Synthesis  of  Radioactive  Sphingolipids. 

Previous  Serial  Number:   Same . 

Principal  Investigator:   A.  E.  Gal,  Ph.D. 

Other  Investigators:   F.  J.  Fash. 

Cooperating  Units :  None. 

Man  Years: 

Total:  1.8 
Professional:  0.8 
Other:        1.0 

Project  Description: 

Objectives:  To  prepare  sphingolipids  labelled  with  radioactive  isotopes. 
These  compounds  are  used  for  metabolic  studies  or  as  diagnostic  tools 
in  investigations  related  to  hereditary  lipid  storage  diseases. 

Methods  and  Major  Findings:  Two  approaches  are  used  in  labelling  the 
glycolipids:  non-specific  and  specific  labelling.  Non-specific 
labelling:   This  technique  produces  radioactive  materials  which  have  all 
their  carbons  and  hydrogens  labelled  in  a  uniform  or  nearly  uniform 
pattern  with  l^C  or  tritium.  One  example  of  this  approach  is  the 
Wilzbach  gas  exposure.  Using  this  method  a  glycolipid,  for  example, 
ceramide  trihexoside  (which  accumulates  in  the  organs  of  patients  with 
Fabry's  disease)  was  treated  with  tritium  gas  under  pressure.  Careful 
purification  procedures  were  then  used  to  prepare  the  chemically  and 
radiochemically  pure  glycolipid.   Specific  labelling:  The  ideal  way 
of  specific  labelling  would  be  by  synthesis.  This  was  done  with 
galactocerebroside  for  example.  However,  procedures  for  the  synthesis 
of  more  complex  sphingolipids  like  gangliosides  are  not  yet  known.  A 
method  was  developed  in  this  laboratory  which  would  produce  by  relatively 
simple  chemical  methods  specifically  labelled  lipids.  This  is  based  on  a 
method  which  allows  the  exchange  of  acetyl  groups  of  N-acetylsugars  or  of 
N-acetylneuraminic  acid  by  identical  groups  but  labelled  with  -^H  or  ■'•'^C. 
In  another  approach  a  glycolipid  was  labelled  by  first  oxidation  of  a 
primary  alcohol  group  and  then  reduction  of  the  oxidation  product  with 
tritium. 
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Significance:   Studies  on  hereditary  lipid  storage  diseases  in  this 
laboratory  proved  that  labelled  sphingolipids  are  a  major  tool  for 
studying  these  diseases.  Radioactive  materials  become  more  and  more 
important  for  use  in  newly  developed  procedures  for  the  diagnosis  of 
these  conditions.   Prenatal  diagnosis  and  the  identification  of  hetero- 
zygous carriers  of  storage  diseases  are  based  on  the  use  of  these  radio- 
active compounds. 

Proposed  Course:   Different  glycolipids  especially  ceramides  and  ganglio- 
sides  will  be  labelled  by  specific  or  non-specific  labelling.   The  new 
technique  used  for  the  introduction  of  radioactivity  which  uses  the 
exchange  of  functional  groups  will  be  studied  further.   In  extension 
of  these  studies  the  possible  exchange  of  other  parts  of  the  lipids  beside 
the  acetyl  group  will  be  investigated.  Certain  glycolipids  which  could 
not  be  made  radioactive  until  now  could  then  be  labelled  by  these 
techniques. 


Publications; 
None 
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Serial  No.  NDS(l)-68  LNC/LC  1550 

1.  Neurochemistry 

2.  Lipid  Chemistry 

3.  Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Studies  on  Myelination  in  the  Central  Nervous  System. 

Previous  Serial  Number:   Same . 

Principal  Investigator:   R.  0.  Brady,  M.  D. 

Other  Investigators:  John  F.  Tallman,  Ph.D.;  Roy  M.  Bradley 

Cooperating  Units:   Department  of  Neurology,  University  of  Pennsylvania 

School  of  Medicine. 

Man  Years : 


Total:  0.5 
Professional:  0.3 
Other:        0.2 

Project  Description: 

Objectives:   To  investigate  biochemical  events  related  to  the  formation 
and  maintenance  of  the  myelin  sheath  of  nerves.   In  particular,  to 
establish  the  exact  enzymological  reactions  which  occur  during  the 
initiation  of  myelin  deposition,  to  determine  how  the  integrity  of  the 
myelin  sheath  is  maintained,  and  to  obtain  an  understanding  of  the 
biochemical  pathology  which  occurs  in  demyelinating  and  dysmyelinating 
lesions  in  the  nervous  system. 

Methods :   Procedures  are  being  developed  for  obtaining  myelinating  explants 
of  neonatal  tissue  in  culture.  The  effects  of  selected  enzymes  and 
enzyme  inhibitors  on  the  myelination  process  are  being  examined. 

Major  Findings:   By  altering  the  activity  of  certain  enzymes  through  the 
use  of  specific  inhibitory  substances  we  have  produced  "myelin  figures" 
in  tissue  culture  which  very  closely  resemble  the  membranous  cytoplasmic 
bodies  which  occur  in  patients  with  Tay-Sachs  disease. 

Significance:   Our  procedures  should  permit  examination  of  the  role  and 
contribution  of  various  types  of  cells  and  enzymes  for  the  formation  and 
maintenance  of  the  myelin  sheath.  This  information  is  of  particular 
importance  for  investigating  biochemical  abnormalities  in  myelinopathic 
conditions  such  as  multiple  sclerosis,  hereditary  demyelinating  diseases, 
and  lipid  storage  diseases  which  affect  the  central  nervous  system. 


31n 


Serial  No.  NDS(l)-68  LNC/LC  1550 

Proposed  Course:  Our  investigations  will  be  extended  to  include  a 
comparative  study  of  the  composition  and  metabolism  of  individual  cell 
lines  obtained  from  human  and  animal  brain  sources.  The  effects  of 
specific  inhibitors  and  activators  of  the  involved  enzymes  will  be 
extended  and  attempts  will  be  made  to  correct  these  tissue  culture  models 
of  the  sphingolipidoses. 

Publications: 

None. 
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Serial  No.  NDS(l)-70  LNC/LC  1808 

1.  Neurochemistry 

2.  Lipid  Chemistry 

3.  Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Glycoprotein  Metabolism  in  the  Myelinating  Central  Nervous 
System. 

Previous  Serial  Number:   None. 

Principal  Investigator:   R.  H.  Quarles,  Ph.D. 

Other  Investigators:   R.  0.  Brady,  M.D.;  J.  L.  Everly 

Cooperating  Units:  None. 

Man  Years : 

Total:  2.1 
Professional:  1.1 
Other:        1.0 

Project  Description: 

Objectives:  To  investigate  the  biochemistry  of  the  surfaces  of  cells  of 
the  nervous  system  with  particular  regard  to  glycoprotein  components. 

Methods :   Specific  radioactive  precursors  are  used  to  label  specifically 
the  glycoproteins.  Myelin  and  other  subcellular  fractions  are  purified 
by  differential  centrifugation  on  sucrose  gradients.  The  membrane- 
bound  glycoproteins  are  fractionated  by  polyacrylamide  gel  electro- 
phoresis in  the  presence  of  sodium  dodecyl  sulfate.  The  glycoproteins 
are  detected  on  the  gels  by  determination  of  radioactivity  or  staining 
for  carbohydrate  with  periodic  acid  schiff  reagent. 

Major  Findings :   IVhen  22-day-old  rats  were  injected  with  radioactive 
fucose,  the  myelin  fraction  contained  a  major,  discrete,  radioactive 
glycoprotein  with  an  apparent  molecular  weight  of  approximately  110,000. 
This  was  in  contrast  to  other  subcellular  fractions  which  had  a  much 
more  heterogeneous  pattern  of  labelled  glycoproteins.  The  glycoprotein 
which  is  associated  with  myelin  could  also  be  labelled  with  glucosamine- 
^H  or  N-acetylmannosamine-^H.   Staining  the  polyacrylamide  gels  with 
periodic  acid-schiff  reagent  supported  the  isotopic  data  indicating 
that  this  novel  protein  is  the  major  glycoprotein  in  the  myelin  fraction 
from  young  rats.   In  similar  experiments  with  older  rats  (175-300  g 
body  wt.},  this  glycoprotein  was  also  prominent  in  the  myelin  preparations, 
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Significance:  There  is  considerable  experimental  evidence  indicating 
that  cell  surface  glycoproteins  mediate  specific  cell-cell  interactions. 
Therefore  glycoproteins  could  be  of  great  importance  in  the  developing 
nervous  system  as  many  specific  interneuronal  connections  are  formed 
and  also  as  proper  neuronal-glial  relationships  are  established.  The 
glycoprotein  which  is  associated  with  myelin  could  be  involved  in  the 
specific  interaction  between  the  oligodendroglial  cell  membrane  and  the 
axon  as  myelination  takes  place.  Two  of  the  leading  theories  about  the 
nature  of  multiple  sclerosis  are  that  it  is  caused  by  an  autoimmune 
response  or  an  infectious  agent.   Since  glycoproteins  are  known  to  be 
cell  surface  antigens  and  viral  receptors  it  seems  likely  that  alteration 
of  the  myelin-associated  glycoprotein  would  be  directly  involved  in  this 
disease. 

Proposed  Course;  The  myelin  glycoprotein  will  be  purified  and  chemically 
characterized.   Subcellular  fractionation  experiments  and  histochemical 
procedures  will  be  carried  out  in  order  to  define  the  location  of  the 
glycoprotein  in  the  myelin  membrane  with  great  precision.  Careful 
developmental  studies  on  the  appearance  and  metabolism  of  the  glyco- 
protein will  be  undertaken  in  order  to  obtain  information  about  its  role 
in  the  process  of  myelination.  Multiple  sclerosis  and  other  demyelinatin 
conditions  will  be  examined  to  see  if  there  are  alterations  in  the  amount 
or  the  nature  of  the  myelin  glycoprotein. 

Publications 

1.  Quarles,  R.  H.  and  Brady,  R.  0.   Synthesis  of  glycoproteins  and 
gangliosides  in  developing  rat  brain.  J.  Neurochem.  18:  1809-1820, 
1971. 

2.  Quarles,  Richard  H.,  Everly,  John  L.  and  Brady,  Roscoe  0.  Demon- 
stration of  a  glycoprotein  which  is  associated  with  a  purified 
myelin  fraction  from  rat  brain.  Biochemical  Biophysical  Research 
Communications ,  1972,  in  press. 

3.  Glasgow,  M.  S.,  Quarles,  R.  H.  and  Grollman,  S.  Metabolism  of  fuco- 
glycoproteins  in  developing  rat  brain.  Brain  Res,  in  press. 
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Serial  No.  NDS(l)-67  LNC/PM  1480 

1 .  Neurochemistry 

2.  Physiology  and  Metabolism 

3.  Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  Metabolism  of  Neurohumoral  Transmitter  Substances  in  Marine 
Animals 

Previous  Serial  Number:   Same . 

Principal  Investigator:   E .  G .  Trams ,  Ph . D . 

Other  Investigators:  A.  A.  Benson,  Ph.D.;  E.  A.  B.  Brown,  Ph.D. 

Cooperating  Units :   Scripps  Institute  of  Oceanography;  Laboratory  of  Chemical 

Pharmacology,  NHLI;  Centre  for  Multidisciplinary  Studies, 
Marine  Biological  Laboratory,  Kotor,  Yugoslavia;  Mote 
Marine  Laboratory,  Sarasota,  Fla. 

Man  Years : 

Total:  0.6 
Professional:  0.5 
Other:        0.1 

Project  Description: 

Objectives:  To  exploit  the  great  variety  and  abundance  and  the  bio- 
chemical specialization  of  oceanic  life  for  the  study  of  neurobiology. 
In  particular  we  have  selected  to  study  some  aspects  of  neurochemistry 
in  marine  organisms  where  certain  tissues,  species  or  phenomena  cons- 
titute an  evolutionary  amplification  of  normal  human  physiology. 

Methods :  Our  studies  are  mostly  concerned  with  the  metabolism  of  cholin- 
ergic and  adrenergic  transmitter  substances  and  the  methodology  in  use 
is  adjusted  to  specific  requirements  according  to  current  laboratory 
techniques.   In  the  field  of  neurotransmitter  metabolism  use  is  made  of 
radioactive  precursors;  labeled  biogenic  amines  are  introduced  for  studies 
of  their  metabolism  in  vivo  or  in  vitro.  Methods  which  are  common  to 
all  enzymological  approaches  are  used  where  appropriate,  especially  for 
studies  in  drug  metabolism,  toxicology,  enzyme  deletions,  etc. 

Experimental  animals  or  organisms  used:  various  kinds  of  Selachians, 
Torpedinidae,  several  species  of  Teleosts,  in  particular  Electrophorus 
electricus  and  Pacific  salmon  (Oncorrhyncus  spp . ) ;  small  crustaceans, 
Ecchinoderms,  Aplysia.   Emphasis  has  been  placed  on  the  study  of  bio- 
electric organs  and  nervous  tissues  or  tissues  which  are  of  interest  in 
neurotransmitter  metabolism,  such  as  the  interrenal  gland  of  elasmobranchs 
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Major  Findings:  During  the  past  year  we  have  concluded  our  studies  on 
the  metaboiri^i.  of  quinoline  derivatives  in  Elasmobranchii  and  Teleosts. 
We  have  studied  the  role  of  the  brain  as  a  compartment  in  drug  distri- 
bution.  In  fish,  accumulation  of  the  general  anesthetic,  2 -methyl quino- 
line, in  the  CNS  proceeded  with  rapidity  and  was  in  accordance  with  the 
expected  distribution  coefficient  for  that  tissue.  Metabolic  turnover 
of  the  drug  in  fish  nervous  tissue  was  low  in  contrast  to  mammalian  brain 
where  the  quinolines  are  rapidly  removed.  Our  studies  on  the  comparative 
pharmacology  of  the  quinolines  were  reviewed  by  one  of  us  in  a  symposium 
(E.  A.  B.)  at  the  "Second  Conference  on  Current  Investigations  dealing 
with  Elasmobranch  Biology"  (Bar  Harbor,  Maine,  July  1971) . 

From  May  to  August  1971  we  had  the  privilege  to  work  in  the  Brain 
Research  Laboratory  (Dir.  Prof.  Lj .  Rakic)  of  the  Marine  Biological 
Institute  at  Kotor,  Yugoslavia.   During  this  period  we  conducted  an  in- 
vestigation on  metabolic  changes  in  Torpedo  electric  organs  after  uni- 
lateral denervation.  The  concept  that  nerves  exert  a  "trophic"  effect 
derived  mainly  from  studies  on  denervated  or  re-innervated  mammalian 
muscles.  The  ^^P  utilization  and  cholinesterase  activity  was  studied 
in  Torpedo  ocellata  in  which  the  nerve  supply  to  the  left  electric  organ 
had  been  severed  previously.   ^^P  uptake  and  incorporation  into  phospho- 
lipids and  RNA  of  the  denervated  electric  organ  decreased  from  15  to  38%. 
At  the  same  time  there  was  a  46%  increase  in  cholinesterase  activity  in 
this  organ. 

At  the  Mote  Marine  Laboratory  sea  urchin  eggs  and  embryos  (Lytechinus 
variegatus)  were  employed  in  a  pilot  study  on  plasma  membrane  biosynthesis 
The  synchronous  division  of  fertilized  sea  urchin  eggs  entails  a  step- 
wise increase  of  cell  surface  leading  to  an  approximate  ten-fold  increase 
of  plasma  membrane  during  the  first  ten  divisions.  We  are  exploring 
this  system  for  isotope  incorporation  studies  in  the  plasma  membrane  and 
for  an  investigation  of  the  genetic  control  of  membrane  synthesis. 

Significance:  These  investigations  underscore  the  wide  applicability  of 
marine  organisms  in  the  study  of  physiologic  or  biochemical  phenomena 
for  which  no  good  models  exist  in  common  laboratory  animals.  The  experi- 
ments on  Torpedo  demonstrate  that  it  should  be  an  excellent  model  for 
further  studies  on  neurotrophic  effects  in  bioelectric  tissues.   Recent, 
progress  on  the  nature  of  the  cholinergic  receptor  (in  Torpedo  electro- 
plax)  should  make  experiments  feasible  in  which  the  trophic  effect  on 
the  receptor  can  be  investigated. 

Our  attempts  to  isolate  plasma  membranes  from  rapidly  dividing, 
synchronous  eukaryotic  cultures  have  so  far  met  with  equivocal  results, 
but  as  the  method  is  perfected  it  should  become  a  very  successful  model 
for  biosynthetic  studies  on  membranes. 
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Proposed  Course:  We  shall  make  further  attempts  to  develop  a  good 
method  which  allows  the  isolation  o£  plasma  membranes  from  sea  urchin 
eggs  and  embryos.  The  main  question  to  be  asked  of  this  model  is: 
how  does  the  cellular  biosynthetic  apparatus  prepare  for  a  stepwise 
increase  in  cell  surface  material?  Are  we  dealing  with  a  process  of 
formation  (biosynthesis)  or  organization  (structuralization  from  pre- 
formed building  blocks)?  Further  work  on  this  project  will  be  carried 
out  in  collaboration  with  the  Department  of  Molecular  Biology  at  the 
Centre  for  Multidisciplinary  Studies,  Kotor,  Yugoslavia. 

We  are  also  planning  an  extension  of  previous  studies  on  the  neuro- 
biology of  spawning  Pacific  salmon.  This  species  constitutes  a  good, 
perhaps  unique  model  for  the  investigation  of  the  aging  process.  We  had 
reported  the  results  of  earlier  work  (conducted  during  the  1968  R/V 
"Alpha  Helix"  Bering  Sea  Expedition)  and  it  has  been  concluded  by  the 
Scripps  Institute  that  the  findings  were  promising  enough  to  warrant  a 
more  detailed  study  in  a  future  R/V  "Alpha  Helix"  expedition  for  which 
Drs.  Trams  and  Patton  will  be  co-principal  scientists. 

Honors  and  Awards :  E.  G.  Trams;  Scientific  Exchange  Scholar  (U.  S.  National 
Academy  of  Sciences)  to  Yugoslavia,  May-August  1971. 

Publications : 

1.  Trams,  E.  G.,  Lauter,  C.  J.,  Brandenburger  Brown,  E.  A.,  and  Young,  0. 
Cerebral  cortical  metabolism  after  chronic  exposure  to  ozone.  Arch. 
Environ.  Health  24:   153-159,  1972. 

2.  Brandenburger  Brown,  E.  A.,  Franklin,  J.  E.,  Pratt,  E.,  and  Trams, 

E.  G.:   Comparative  pharmacology  of  quinaldine  and  related  compounds. 
Comp.  Biochem.  Physiol.,  in  press. 

3.  Trams,  E.  G.,  and  Brandenburger  Brown,  E.  A.:  Metabolic  changes  in 
Torpedo  electric  organ  after  denervation.   lugosl.  Physiol.  Pharmacol. 
Acta,  in  press. 
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1 .  Neurochemistry 

2.  Physiology  and  Metabolism 

3.  Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  Studies  on  the  Composition  and  Metabolism  of  Isolated 
Cellular  Membranes. 

Previous  Serial  Number :  Same. 

Principal  Investigator:  E .  G .  Trams ,  Ph . D . 

Other  Investigators:  A,  Solyom,  M.D.,  Ph.D.;  Carl  J.  Lauter;  S.  Patton,  Ph.D. 

Cooperating  Units:  Div.  Food  Sci.,  Pennsylvania  State  University. 

Man  Years : 


Total:  2.6 
Professional:  2.6 
Other:        0 

Project  Description: 

Objectives :  To  elucidate  the  inter-relationship  between  the  molecular 
composition  of  the  plasma  membrane  and  the  functions  that  such  building 
blocks  serve  in  transport,  bioelectrogenesis  and  inter-cellular  com- 
munication. 

Methods :  A  variety  of  methods  have  been  investigated  for  the  isolation 
of  plasma  membranes.  Aside  from  the  proven  procedures  for  the  isolation 
of  liver  plasma  membranes  we  have  tried  new  approaches  in  order  to  ob- 
tain membranes  of  greater  purity  and  in  better  yield.   Emphasis  was 
placed  mostly  on  the  characterization  of  plasma  membrane  fractions  by 
assay  of  membrane  marker  enzymes.  Tissue  cultures  of  hepatic  cells  and 
of  neuroblastoma,  as  well  as  cells  isolated  from  organs  by  enzymatic 
techniques,  were  used  as  starting  materials.  Attempts  to  utilize  rapidly 
dividing  eukaryotic  cells  (from  sea  urchin  embryos)  are  under  way. 
Analyses  of  lipid,  nucleotide  and  protein  components  as  well  as  enzymatic 
techniques  are  routine  laboratory  methods . 

Ma j  or  Findings : 

(a)  Our  attempts  to  prepare  plasma  membranes  from  isolated  cells 
of  rat  and  guinea  pig  livers  have  been  successful.   The  livers  had  been 
disaggregated  into  individual  cells  by  in  vitro  perfusion  with  enzymes 
which  disrupted  the  syncytial  structure;  hepatocyte  fractions  were  then 
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obtained  by  differential  centrifugations .  These  cells  were  subjected 
to  procedures  which  were  known  to  yield  plasma  membranes  from  homogenized 
tissue.  Membrane  yields,  however,  were  poor  in  comparison  to  whole 
tissue  and  the  procedures  had  to  be  modified.  The  membrane  fragments 
behaved  similarly  in  sucrose  gradients,  appeared  comparable  under  phase- 
contrast,  and  had  a  similar  total  lipid  content.   Reduction  of  choles- 
terol content  and  of  some  "marker  enzyme"  activity,  however,  indicated 
that  the  membranes  obtained  by  disruption  of  tissue  with  collagenase 
and  hyaluronidase  were  dissimilar  to  those  obtained  from  whole  liver. 
In  addition,  permeability  studies  on  the  cells  isolated  by  the  enzymatic 
technique  demonstrated  unphysiological  permeability  to  various  substrates. 

The  aim  of  these  studies,  which  have  been  carried  out  by  us  over  a 
niunber  of  years,  was  to  develop  methods  which  would  aid  in  the  isolation 
of  plasma  membranes  from  nervous  tissue.  One  of  the  prerequisites  of 
such  an  attempt  was  to  establish  the  occurrence  of  "characteristic" 
marker  molecules  for  plasma  membranes.  The  developed  procedures  were 
subjected  this  year  to  a  comparative  study  in  which  we  attempted  to 
isolate  hepatocyte  membranes  from  different  species.   In  the  ensuing 
experiments  and  during  an  exhaustive  review  of  data  published  from  other 
laboratories  it  became  apparent  that  at  the  present  time:  no  universal 
marker  can  be  recognized  which  occurs  exclusively  in  all  plasma  membranes. 

We  found  that  the  standard  isolation  procedures  for  the  plasma  mem- 
brane fraction,  as  established  for  rat  liver,  cannot  necessarily  be  used 
for  other  species  without  modification.  There  was  a  wide  species  vari- 
ation in  the  specific  activities  of  the  so  called  "plasma  membrane 
marker  enzymes"  (i.e.,  5'  nucleotidase;  Na'^,K'''  ATPase;  nucleotide  pyro- 
phosphatase; p-nitrophenylphosphatase;  and  leucyl-g-naphthylamidase. 
Furthermore,  the  activity  ratios  of  these  enzymes  could  not  be  used  to 
define  a  subcellular  fraction  as  "characteristically"  plasma  membrane. 
There  is  a  possibility,  however,  that  adenylcyclase  may  serve  (with  some 
exceptions)  as  a  useful,  common  plasma  membrane  marker.  We  have  con- 
cluded from  these  studies  that  at  the  present  time,  procedures  for  the 
isolation  of  plasma  membranes  from  various  cell  types  and  species  will 
have  to  rely  heavily  on  the  trial  and* error  method.  Recourse  must  be 
taken  to  all  the  available  methods  of  characterization  which  are  at  hand 
in  the  laboratory  (biochemical,  morphological  and  immunochemical). 

(b)   In  the  previous  year  we  reported  on  some  experiments  where  we 
used  milk  fat  globule  plasma  membranes  as  a  model.  We  have  carried  work 
with  this  model  somewhat  further  and  have  used  some  of  the  observations 
from  this  study  for  new  approaches.  The  study  on  the  milk  fat  globule 
membrane  yielded  data  which  indicated  that  the  membrane  marker  enzyme 
5 '-nucleotidase  was  located  mostly  on  the  exterior  surface  of  the  cell. 
In  contradistinction,  it  appeared  that  the  nucleotide  pyrophosphatase 
was  predominantly  associated  with  the  interior  aspect  of  the  cell  mem- 
brane. Since  the  function  of  these  enzymes  in  the  plasma  membrane  is 
obscure  it  was  thought  that  an  indication  of  "sidedness"  might  yield  a 
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clue  to  function.  Accordingly  it  seemed  imperative  to  pursue  this 
problem  further  in  another  system.  The  tissue  culture  experiments  were 
conducted  to  this  end. 

We  have  compared  intact  cultured  cells  (hepatocytes  and  neuroblas- 
toma cells)  with  their  respective  homogenates  or  subcellular  fractions 
for  activity  of  the  so-called  plasma  membrane  marker  enzyme  class.  As 
with  the  milk  fat  globule  membrane  model,  we  observed  that  a  major  portion 
of  the  cellular  5' -nucleotidase  activity  was  associated  with  the  cell 
surface.   Similar  experiments  with  respect  to  cellular  ATPase  activity 
have  led  to  the  conclusion  that  the  exterior  of  the  cell  exhibits  sub- 
stantial ATPase  activity,  although,  at  least  in  the  intact  neuroblastoijia 
cell,  this  ATPase  is  not  identical  with  the  ouabain-inhibitable  Na"*",  K 
ATPase. 

In  preliminary  experiments  we  recently  obtained  some  data  which  are 
consistent  with  the  hypothesis  that  intact  cells  may  utilize  (and  pos- 
sibly extrude)  nucleotides  which  could  be  the  natural  substrates  for 
such  ecto-phosphohydrolases . 

Significance:  We  believe  that  we  have  made  a  major  contribution  to  the 
problem  and  the  understanding  of  the  plasma  membrane  marker  enzyme. 
We  have  shown  that  species  differences  and  differences  in  methodology 
can  easily  negate  experimental  premises  based  on  observations  in  other 
cellular  systems.  We  have  also  shown  that  several  of  the  classical  marker 
enzymes  (used  almost  universally  in  preparative  procedures)  cannot  be 
used  as  universal  markers.   From  these  observations  it  should  also  be 
concluded  that  the  absence  of  a  classical  marker  enzyme  in  a  presumed 
membrane  fraction  does  not  necessarily  indicate  failure  of  a  preparative 
procedure.  Our  views  on  the  subject  are  currently  being  summarized  in 
a  review  article. 

Recent  experiments  with  tissue  cultures  are  still  too  preliminary 
to  evaluate.  We  believe  that  we  may  deal  with  an  exciting  and  signifi- 
cant biological  phenomenon  in  respect  to  the  ecto-enzymes  of  the  plasma 
membrane.  The  role  which  these  enzyihes  may  play  in  transport,  bioelec- 
trogenesis  and  inter-cellular  communication  can  at  best  be  speculated 
upon  presently,  but  we  think  that  they  open  up  a  new  phase  of  exploration 
in  our  program. 

Proposed  Course:   It  is  proposed  to  continue  the  present  investigations 
with  the  accent  on  the  use  of  comparison  between  intact  living  cells 
(cultures)  and  subcellular  elements.   We  further  wish  to  substantiate 
and  explain  the  role  of  the  extracellular  nucleotide  pool  which  seems  to 
be  elaborated  by  cell  cultures.  These  studies  will  be  supplemented  by 
further  application  of  the  milk  fat  globule  membrane  model. 
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Studies  have  been  carried  out  on  the  effects  of  cortical  lesions  on  the 
social  behavior  of  small  rhesus  monkey  social  groups  held  in  gang  cages. 
Bilateral  lesions  of  prefrontal  or  anterior  temporal  cortex  produce  major 
lasting  deficits  affecting  all  aspects  of  social  and  emotional  behavior. 
Dramatic  changes  appear  in  status  in  the  social  hierarchy,  grooming  rela- 
tionships, social  distance  between  animals,  facial  expressions  and  vocaliza- 
tions, sexual  behavior,  maternal  behavior,  etc.   However,  such  alterations 
fail  to  appear  in  infants  or  early  juveniles  subjected  to  comparable  lesions. 
Bilateral  cingulate  cortex  lesions  or  major  lesions  of  visual  associative 
areas  produce  no  changes  in  social  behavior  supporting  the  view  that  the 
deficits  following  prefrontal  and  anterior  temporal  cortex  lesions  are 
specific  social  behavior  deficits  and  are  not  to  be  interpreted  as  changes 
in  perceptual,  meGcry  or  learning  functions. 

Other  studies  have  been  carried  out  with  animals  held  in  individual 
cages.   These  animals  arc  challenged  by  the  experimenter  and  their  patterns 
of  affective  response  to  these  challenges  observed  and  recorded.  The 
effects  of  cerebral  lesions  on  these  functions  have  been  clarified  by  pre- 
and  postoperative  observation  on  animals  in  which  the  inputs  from  the  two 
separate  eyes  are  restricted  to  the  two  separate  hemispheres  by  prior 
chiasma  section.  Unilateral  lesions  of  the  prefrontal  or  anterior  temporal 
cortex  result  in  half-field  deficits  exerting  their  effects  only  in  rela- 
tion to  visual  stimulations  projecting  to  the  operated  hemisphere  through 
the  ipsilateral  eye.  The  severity  of  the  half-field  deficits  noted  in 
relation  to  unilateral  lesions  are  somewhat  less  in  their  magnitudes  to 
the  deficits  seen  bilaterally  with  bilateral  lesions.  Thus,  the  presence 
of  the  forebrain  commissures  after  unilateral  lesions  may  exert  some  spar- 
ing affect. 

In  studies  on  the  neurology  of  vocalization,  major  bilateral  lesions 
encompassing  areas  of  the  monkey  cortex  homo  logical  to  human  speech  areas 
produce  only  short-lived,  minor  effects  on  vocal  response.  By  contrast, 
prefrontal  or  anterior  temporal  neocortical  lesions  lead  to  major  and 
lasting  deficits.  The  effects  following  prefrontal  removals  are  the  more 
grave  while  conbined  prefrontal  and  anterior  temporal  lesions  lead  to 
total  and  permanent  vocalization  deficits.   Cingulate  lesions  gave  in- 
constant results. 

Lesions  of  caudate  nucleus  and  amygdala  altered  vocal  response  mini- 
mally, whereas  midbrain  tegmental  lesions  altered  both  the  patterns  and 
the  qualities  of  vocal  response.   This  latter  finding  must  be  interpreted 
in  the  context  of  a  lower  motor  mechanism  serving  to  organize  the  vocal 
response  itself. 


Earlier  work  with  the  newborn  rhesus  monkey  has  shown  that  episodes  of 
total  asphyxia  lasting  for  12  1/2  minutes  lead  to  striking  alterations  In 
the  patterns  of  glycogen  metabolism  of  brain  and  other  organs.  The  notable 
brain  changes  consist  of  twofold  increases  in  glycogen  content  at  12  hours 
following  resuscitation*  The  brain  glycogen  levels  then  return  to  normal 
by  48  hours.  Juvenile  monkeys  subjected  to  circulatory  arrest  show  similar 
alterations.  All  durations  of  total  asphyxia  less  than  6  minutes  can  be 
tolerated  by  the  newborn  without  producing  alterations  in  brain  glycogen 
metabolism.  However,  all  durations  beyond  9  and  up  to  30  minutes  of  total 
asph3rxla  lead  to  essentially  the  same  alterations  in  brain  glycogen  han- 
dling In  the  postasphyxial  period.  The  astrocyte,  the  main  locus  for 
glycogen  accumulation  In  the  nervous  systan,  Is  presumed  to  function  in 
conducting  or  actively  transporting  glucose  from  the  capillary  lumen  to 
the  active  neural  parenchymal  cells.  Since  brain  metabolism  is  approxi- 
mately constant  both  during  wakefulness  and  sleep,  in  all  normal  physio- 
logical states  the  net  utilization  of  glucose  by  the  nervous  tlsstie  is 
approximately  the  same.  Thus,  the  astrocytes  are  believed  to  be  pro- 
grammed to  transport  glucose  at  a  constant  rate  through  all  physiological 
ranges . 

Asphyxia  tremendously  alters  cerebral  metabolism  leading  to  dramatic 
impairments  of  energy  metabolism  both  during  the  asphyxia  episode  itself 
and  also  afterwards  for  varying  periods  of  time.  The  present  results 
support  the  view  that,  during  the  postasphyxla  period  the  dramatic  ac- 
cumulation of  glycogen  In  astrocytes  as  demonstrated  by  EM  and  biochemical 
methods  in  this  Laboratory  likely  relates  to  the  depressed  cerebral  metabo- 
lism. Between  6  and  9  minutes  of  total  asphyxia  are  required  to  produce 
significant  CNS  metabolism  depression.  With  all  longer  asphyxia,  the 
depression  is  maximal  and  leads  to  maximal  degrees  of  glycogen  deposition. 
Further  support  for  this  hypothesis  has  come  from  other  LPP  work  where  CNS 
nstabolism  was  profoundly  depressed  for  prolonged  time  periods  (from  3  to 
48  hours)  by  hi^  doses  of  barbiturate.  These  CNS  depressions  led  to  pro- 
found increases  in  glycogen  deposition  in  brain  tissue  (the  astrocytes) . 
Furthermore,  the  more  prolonged  the  period  of  anesthetic  depression,  the 
more  significant  was  the  deposition  of  glycogen. 

Arrest  of  body  circulation  was  produced  In  juvenile  monkeys  by  cross- 
clamping  the  major  thoracic  vessels.  Following  a  range  of  delay  periods 
(0,  10,  30,  50  and  70  minutes),  the  body  was  perfused  at  blood  pressure 
levels  with  physiological  solutions  containing  carbon  black.  With  no 
delay,  no  abnormalities  of  reflow  of  the  carbon  black  solution  ««•  noted* 
However,  all  other  delay  periods  showed  reperfuslon  difficulties  affecting 
focal  regions.  After  shorter  time  periods  (10  minutes),  zones  of  no- 
reflow  are  restricted  to  brain  stem  centers,  whereas  longer  arrest  periods 
produce  more  generalized  no-reflow  zones  affecting,  for  the  first  timet 
cortex.  The  greatest  no-reflow  difficulties  appeared  after  30-  and  50- 
minute  periods  of  arrest.  The  cortex  showed  a  tendency  for  a  paracentral 
distribution  of  zones  of  no-reflow  In  this  respect  showing  a  regional  dis- 
tribution closely  resembling  the  distribution  of  damage  following  partial 
asphyxia. 


Juvenile  monkeys  were  subjected  to  episodes  of  carbon  monoxide  intoxi- 
cation for  varying  time  lengths  and  varying  severities .  Durations  of  ex- 
posure to  .1  to  .3%  CO  varied  from  1  to  A  hours.  Physiologically,  the 
animals  showed  hypotension  and  abnormalities  of  heartbeat  sometimes  leading 
to  death  (ventricular  fibrillation).  Brain  pathology  appeared  in  a  large 
proportion  of  animals  surviving  the  acute  period.  A  good  correlation  ex- 
isted between  the  severity  of  CO  Intoxication,  the  duration  of  exposure 
and  the  occurrence  of  brain  injury.  The  physiological  alteration  best 
correlated  with  the  degree  of  brain  injury  was  severity  of  diastolic  hypo- 
tension and/or  the  metabolic  acidosis.  The  pattern  of  pathology  regularly 
seen  was  a  symmetrical  white  matter  necrosis . 

Twenty  pregnant  monkeys  were  subjected  to  carbon  monoxide  intoxica- 
tion with  .1  to  .3%  inhalation.  Maternal  and  fetal  cardiovascular  altera- 
tions were  continuously  recorded.  The  fetal  values  were  utilized  to 
regulate  the  insult  severity  such  that  a  hypoxia  of  graded  severity  was 
sustained  for  one-hour  periods.  Hemoglobin  saturations  with  oxygen  in 
the  fetal  blood  below  10  to  12%  led  to  fetal  death.  Hemoglobin  satura- 
tions from  12  to  14%  were  associated  with  brain  injury  but  not  death. 
Saturation  levels  above  15%  were  associated  with  intact  survival.  Brain 
pathology  produced  was  cerebral  swelling  and  necrosis . 

Cyanide  infusions  into  juvenile  monkeys  produce  significant  changes 
in  both  cardiovascular  performance  and  in  blood  acid-base  state.  The 
Infusions  lead  to  depressions  of  blood  pressure — the  more  toxic  the  animal, 
the  more  severe  the  blood  pressure  depression.  Blood  pressure  depressions 
below  40  mm  Hg  generally  lead  to  an  irreversibility  of  the  cardiovascular 
decompensation  and  the  ultimate  demise  of  the  animal.  Dysrhythmias  and 
conduction  abnormalities  are  uncommon.  Early  during  the  infusions,  the 
animals  show  prominent  hyperpnea  generally  followed  by  respiratory  depres- 
sion and  episodes  of  apnea.  EEC  changes  are  prominent  with,  first,  slow- 
ing and,  ultimately,  flattening  of  the  EEC.  The  animals  exhibit  a 
metabolic  acidosis  which  can  become  severe.  Typically,  the  animals  shew 
pH  depressions  to  levels  of  7.1-7.15  and,  with  more  severe  intoxications, 
to  levels  below  7.0. 

The  animals  were  exposed  to  two-hour  episodes  of  cyanide  infusion 
after  which  they  were  supported  in  an  intensive  care  unit.  Frequent 
deaths  occurred  both  during  the  periods  of  infusion  and  in  the  post- 
procedure period — usually  of  cardiovascular  disturbances  including  in- 
tractable progressive  hypotension.  In  some  instances,  by  cutting  back 
on  the  rates  of  cyanide  infusion,  such  grave  hypotensive  episodes  could 
be  reversed  but,  more  frequently,  when  the  hypotension  developed  beyond 
a  certain  stage,  the  cessation  of  CN  infusion  was  without  effect. 

Brain  pathology  among  animals  subjected  to  CN  was  of  two  types.  In 
one  type,  prominent  brain  swelling  developed  often  associated  with  focal 
cortical  necrosis.  Such  cases  were  associated  with  severe  hypotension 
and  cerebral  malperfusion  and  failure  to  survive  beyond  the  first  hours. 
The  second  pathology  pattern  affected  primarily  the  white  matter.  This 
consisted  of  bilateral  symmetrical  zones  of  necrosis  in  the  white  matter. 
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sometimes  affecting  corpus  callosum  and  optic  chlasma.  Fifty  percent  of 
these  cases  exhibited  associated  zones  of  necrosis  In  globus  pallldus, 
caudate  nucleus  and  putanen.  One  case  also  shoved  a  generalized  cortical 
atrophy  with  ventricular  enlargements.  The  appearance  of  brain  damage 
with  cyanide  Intoxication  appears  critically  related  to  1)  flattening  of 
the  EEG  for  periods  of  time  beyond  15  minutes  and  to  2)  the  presence  of 
a  metabolic  acidosis  at  levels  of  7.10  or  lower  for  periods  of  time  In 
excess  of  20  minutes. 

Brain  swelling  and  pathology  In  the  juvenile  monkey  follows  rapid 
drops  of  mean  arterial  blood  pressure  from  normal  levels  to  levels  of  20 
to  22  ton  Hg.  With  less  rapid  depressions  of  blood  pressure,  much  greater 
tolerance  to  these  profoundly  lowered  blood  pressure  levels  appear.  When 
the  blood  pressure  remains  at  this  profoundly  lowered  level  for  less  than 
30  minutes,  no  clinical  or  pathological  consequences  follow.  When  it 
endures  for  as  long  as  40  minutes,  however,  the  animal  dies  at  12  hours 
with  Intractable  heart  failure  due  to  myocardial  injury,  or,  at  48  hours 
with  evidences  of  severe  brain  swelling  and  brain  stem  eonpression.  When 
animals  survive  beyond  this  second  period  of  stress,  evidences  of  perma- 
nent neurological  disability  appear  and  brain  examination  reveals  the 
neuropathologieal  sequelae  of  severe  brain  compression  aasociated  with 
brain  swelling. 

For  the  development  of  brain  swelling  and  brain  pathology  EEG  changes 
must  occur.  Profound  respiratory  depression  often  resulting  in  apnea  also 
characterizes  the  clinical  state  of  mUmIb  which  will  develop  brain  le- 
sions. Animals  subjected  to  less  severe  hypotension  for  longer  tine 
periods  either  survive  and  do  well  or  sueeunib  over  the  first  12  hours  due 
to  Intractlble  hypotension  associated  with  a  progressive  acidosis. 

Postmortem  brain  swelling  occurs  following  sudden  death  while  slow 
death  leads  to  only  minimal  postmortem  brain  swelling.  Factors  important 
In  determining  which  of  these  two  outcomes  obtain  are  whether  or  not  the 
EEG  is  flat  for  a  significant  time  period  (30  minutes)  and  whether  sig- 
nificant respiratory  depression  occurs  during  the  period  of  exltus. 
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Friesen,  H.,  Hwang,  P.,  Guyda,  H. ,  Tolls,  G. ,  Tyson,  J.,  and  Myers,  R. : 
A  radioimmunoassay  for  human  prolactin.   Physiological,  pathological 
and  pharmacological  factors  which  affect  the  secretion  of  prolactin. 
Fourth  Tenovous  Work  Shop,  Cardiff,  England,  March  1972.   In  press. 
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1.  Laboratory  of  Perinatal  Physiology 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Experimental  placental  abruption  in  the  rhesus  monkey  and 
its  relation  to  brain  damage 

Previous  Serial  Number:   Same 

Principal  Investigator:   Ronald  E.  Myers,  M.D. ,  Ph.D. 

Other  Investigators:  Prof.  Dr.  Maurice  Panigel 

Cooperating  Units:   Hopital  St.  Antoine,  Paris,  France 


Man  Years: 

Total : 

.39 

Professional: 

.05 

Other: 

.34 

Project  Description: 

Objectives:  To  develop  a  model  of  abruptio  placentae  in  experimental 
animals  and  to  study  the  resultant  brain  pathology. 

Methods  Employed:  Monkeys  at  various  gestational  ages  are  subjected  to 
hysterotomy.   Abruption  of  varying  proportions  of  the  placenta  is  produced 
by  finger  dissection.   Incisions  are  closed  and  the  animal  is  brought  to 
term.  At  term,  placental  specimens  are  carefully  studied  for  morphological 
changes  and  the  fetus  evaluated  clinically  and  pathologically  for  brain 
damage . 

Major  Findings:   In  the  exploratory  studies  thus  far  completed,  abrup- 
tions were  incompatible  with  fetal  survival  in  utero  because  of  the  devel- 
opment of  thromboembolic  events  in  the  maternal  uterine  circulation  leading 
to  Couvelaire  uterus. 

Significance:  The  demonstration  of  thromboembolic  disease  following 
abruption  of  the  placenta  may  well  explain  the  occurrence  of  sudden  un- 
explained death  in  the  patient  with  a  complicated  parturition. 

Proposed  Course  of  Project:  Further  studies  are  necessary  for  the 
clarification  of  the  nature  of  the  thromboembolic  process  observed  after 
abruption. 

Honors  and  Awards:  None 

Publications :  None 
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1.  Laboratory  of  Perinatal  Physiology 

2.  Office  of   the  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  Perinatal  asphyxia  in  the  monkey  and  its  CNS  consequences 

Previous  Serial  Number:   Same 

Principal  Investigator:   Ronald  E.  Myers,  M.D. ,  Ph.D. 

Other  Investigators:  Martin  Reivich,  M.D. 

A.  W.  Brann,  Jr. ,  M.D. 
L.  Z.  Bito,  M.D. 

Cooperating  Units:  Hospital  of  the  University  of  Pennsylvania,  Philadelphia, 

Pennsylvania;  University  of  Mississippi  Medical  Center, 
Jackson,  Mississippi;  and  College  of  Physicians  and 
Surgeons,  New  York,  New  York 


Man  Years: 

Total: 

.39 

Professional: 

.05 

Other: 

.34 

Project  Description: 

Objectives :  To  determine  the  patterns  of  clinical  alteration  and  neuro- 
pathological  change  produced  by  asphyxiation  at  the  time  of  birth.   To  at- 
tempt to  correlate  the  patterns  of  neuropathological  change  produced  with 
the  functional  changes  occurring  in  the  fetus  during  asphyxiation. 

Methods  Employed :   Monkey  fetuses  are  delivered  by  cesarean  section  at 
term  and  subjected  to  asphyxiation  prior  to  first  gasp  by  the  placement  of 
a  rubber  sac  over  the  head.  The  lengths  of  asphyxiation  are  of  predeter- 
mined length  or  are  determined  by  the  degree  of  functional  deterioration 
produced  in  the  fetus.  An  effort  was  made  to  produce  the  maximum  degree  of 
damage  compatible  with  survival.  Studies  are  carried  out  on  the  cardio- 
vascular, blood  chemical  (acid  base  status),  blood  gases,  pH,  lactate,  etc., 
and  respiratory  changes  of  the  fetus  during  and  after  asphyxiation.  Resus- 
citation is  carried  out  using  positive  pressure  oxygen  ventilation. 

Major  Findings ;  With  the  varying  lengths  of  asphyxiation  there  were  vary- 
ing degrees  of  brain  damage  clinically  and  neuropathologically  apparent.   The 
most  common  clinical  alteration  was  sensory  loss  in  the  extremities  and  over 
the  head  of  varying  degrees,  alterations  in  sucking  and  swallowing,  altera- 
tions in  the  voice,  and  varying  degrees  of  ataxia  and  clumsiness.   In  some 
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instances  atrophic  or  traumatic  sores  occurred  over  the  face  and  head.  With 
more  severe  damage,  the  animals  exhibited  changes  in  postural  tone  and 
changes  in  use  of  extremities  with  the  most  severe  instances  showing  almost 
total  loss  of  use  of  all  four  extremities  and  severe  degrees  of  flexor  hyper- 
tonus  in  all  four  extremities.   Pathologically,  destructive  changes  were 
found  in  nuclei  of  predilection  in  the  brain  stem  and  in  posterior  ventral 
and  lateral  ventral  nuclei  of  the  thalamus  and  infrequently  in  putamen. 

In  the  animals  showing  more  severe  involvement,  there  was  extension  of 
damage  to  increasingly  larger  amounts  of  tegmentum  of  the  mid  brain,  pons 
and  medulla,  with  involvement  also  of  trigeminal  and  facial  motor  nuclei, 
involvement  of  the  intermediate  and  ventral  portions  of  the  gray  matter  of 
the  spinal  cord,  particularly  in  the  lumbar  region,  and  also  extension  of 
the  destructive  process  in  the  thalamus  to  include  progressively  larger 
portions  until  this  structure  was  literally  destroyed  except  for  small 
nuclear  masses  medially  located.   In  general,  the  type  and  extent  of  neuro- 
pathological  alteration  could  be  correlated  with  parameters  of  functional 
alteration  in  the  status  of  the  fetus  occurring  during  the  asphyxial  process. 
For  example,  hemorrhagic  changes  within  the  distribution  pattern  occurred 
only  in  instances  of  profound  and  prolonged  drop  in  blood  pressure  with 
restitution  of  cardiovascular  system  status  and  survival  for  a  period  of 
time.   Less  conmonly,  other  patterns  of  neuropathological  change  were  seen 
such  as  laminar  necrosis,  focal  cortical  atrophy  with  ulegyria,  etc.   These 
changes  were  seen  respectively  under  circumstances  of  severe  fetal  acidosis 
and  of  elevated  venous  pressure  in  relation  to  the  asphyxial  process. 

Significance;   The  intent  is  to  reproduce  the  patterns  of  neuropathologi- 
cal change  seen  in  cases  of  human  cerebral  palsy  and  mental  retardation.   To 
a  great  extent,  the  study  has  been  fruitful  in  this  regard.  More  important 
still  is  the  effort  to  determine  the  critical  parameters  involved  in  the 
functional  deterioration  of  the  fetus  during  asphyxial  insult  and  to  relate 
these  changes  to  the  patterns  of  neuropathological  change  produced.   Finally, 
efforts  are  being  made  to  determine  techniques  through  which  parameters  of 
functional  deterioration  of  the  fetus  may  be  corrected  during  the  asphyxial 
insult. 

Proposed  Course  of  Project:   We  hope  to  extend  the  number  of  physiological 
and  blood  chemical  changes  which  are  measured  in  relation  to  the  asphyxial 
process.   Efforts  will  be  made  to  artificially  produce  alterations  in  func- 
tional status  of  the  various  factors  determined  to  be  important  in  order  to 
more  clearly  define  the  pathogenesis  of  brain  damage. 

Honors  and  Awards :   None 

Publications: 

Reivich,  M. ,  Brann,  A.  W. ,  Jr.,  Shapiro,  H. ,  and  Myers,  R.  E. :   Regional 
cerebral  blood  flow  during  prolonged  partial  asphyxia.   Proceedings  of 
the  IVth  Salzburg  Conference  on  Cerebral  Flow,  Salzburg,  Austria,  1970. 
In  press. 
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Brann,  A.  W. ,  Jr.,  Myers,  R.  E. ,  and  DiGiacomo,  R. :   The  effect  of  halo- 
thane  induced  maternal  hypotension  in  the  fetus.   In  Goldsmith,  E.  I., 
and  Moor- Jankowskl,  J.  (Eds.):   Medical  Prlmatolosy  1970.   Basel, 
Switzerland,  S.  Karger  AG,  1971,  pp.  637-64  3. 

Myers,  R.  E. :   Brain  damage  induced  by  umbilical  cord  compression  at 
different  gestational  ages  in  monkeys.   In  Goldsmith,  E.  I.,  and  Moor- 
Jankowski,  J.  (Eds.):   Medical  Primatology  1970.   Basel,  Switzerland, 
S.  Karger  AG,  1971,  pp.  394-425. 

Bito,  L.  Z.,  and  Myers,  R.  E. :   On  the  physiological  response  of  the 
cerebral  cortex  to  acute  stress.   J.  Phvsiol.  221:   349-370,  1972. 
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1.  Laboratory  of  Perinatal  Physiology 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:  A  study  of  the  prefrontal  cortex  and  related  structures 

Previous  Serial  Number:   Sane 

Principal  Investigator:   Shun-ichi  Yamaguchi,  Ph.D. 

Other  Investigators:   R.  E.  Myers,  M.D.,  Ph.D. 

Cooperating  Units:  None 

Man  Years: 

Total:  .54 

Professional:  .20 

Other:  .34 

Project  Description:   Project  terminated 

Honors  and  Awards:   None 

Publications:   None 
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1.  Laboratory  of  Perinatal  Physiology 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Effects  of  brain  lesions  on  conditioned  vocalization  in 
monkeys 

Previous  Serial  Number:   Same 

Principal  Investigator:   Shun-ichi  Yamaguchi,  Ph.D. 

Other  Investigators:   Ronald  E.  Myers,  M.D.,  Ph.D. 

Cooperating  Units:   None 

Man  Years : 

Total:  1.84 

Professional:  .65 

Other:  1.19 

Project  Description:   Project  terminated 

Honors  and  Awards:   None 

Publications: 

Yamaguchi,  S.,  and  Myers,  R.  E. :   Failure  of  discriminative  conditioning 
in  rhesus  monkey.   Brain  Res.  37:   109-114,  1972. 
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1.  Laboratory  of  Perinatal  Physiology 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  Biochemistry  of  the  recovering  rhesus  monkey  from  various 
different  states  of  energy  deprivation 

Previous  Serial  Number:   Same 

Principal  Investigator:   Americo  Rivera,  Jr.,  Ph.D. 

Other  Investigators:  Ronald  E.  Myers,  M.D.,  Ph.D. 

Cooperating  Units:  None 

Man  Years: 

Total:  2.34 

Professional:  1.05 

Other:  1.29 

Project  Description: 

Objectives:   To  study  the  effects  of  energy  deprivation  on  the  glycogen 
levels  of  the  brain  and  other  tissues  of  the  rhesus  newborn  and  juvenile 
monkey.  The  project  includes  investigations  on: 

a)  The  glycogen  changes  in  brain  and  other  tissues  of  the  juvenile 
monkey  recovering  from  circulatory  arrest. 

b)  The  glycogen  levels  of  brain  and  other  tissues  of  the  newborn  rhesus 
monkey  recovering  from  an  episode  of  prolonged  partial  asphyxia. 

c)  The  effects  of  barbiturate  anesthesia  on  brain  glycogen  in  the  monkey. 

d)  The  glycogen  levels  in  the  tissues  of  recovering  acutely  asphyxiated 
newborn  monkeys . 

e)  Tne  glycogen  levels  of  the  brain  and  other  tissues  of  the  juvenile 
recovering  from  a  6-hour  episode  of  hypoglycemia  (<  20  mg  %  of  blood 
glucose) . 

Preparations  have  begun  to  expand  the  study  of  these  tissues  by  analyzing 
for  the  glycogen  synthetase  enzyme  systems.   Radioactive  glycogen  (C-14)  is 
being  prepared.   This  tracer  will  be  used  to  work  out  the  recovery  of  vari- 
ous isolation  methods  for  glycogen. 
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Methods  Employed:  The  deprivation  of  energy  to  the  brain  of  the  various 
experimental  animals  has  been  accomplished  by  1)  oxygen  deprivation  (as- 
phyxia, acute  or  partial),  2)  systemic  ischemia,  3)  prolonged  deep  anes- 
thesia, and  4)  hypoglycemia. 

The  brain,  heart,  lung,  liver,  spleen,  kidney,  and  muscle  (adductor)  are 
rapidly  excised  from  the  anesthetized  animals  at  various  time  intervals  of 
the  recovery  period  and  frozen  in  a  mixture  of  isopentane-isohexane  cooled 
to  the  temperature  of  liquid  nitrogen.  The  glycogen  levels  of  these  tis- 
sues were  determined. 

Major  Findings :   It  was  found  that  12  hours  following  the  asphyxia  or 
ischemia  episode  the  glycogen  level  in  the  brain  peaks  to  approximately 
twice  the  control  level.  This  maximum  glycogen  content  of  the  brain  12 
hours  after  the  insult  is  being  used  to  assay  the  threshold  amount  of  as- 
phyxia necessary  to  bring  about  this  response.  Using  this  criterion,  it 
has  been  found  that  9  minutes  or  more  of  asphyxia  will  produce  cerebral 
glycogen  accumulation  after  12  hours.  Less  than  9  minutes  of  asphyxia 
gives  no  response.  More  than  9  minutes  of  asphyxia  does  not  increase  the 
response . 

The  study  of  the  other  tissues  indicates  that  the  liver  of  the  acutely 
asphyxiated  monkey  baby  accumulates  larger  quantities  of  glycogen  than 
does  that  of  the  controls.  This  could  be  an  Indication  of  a  metabolic 
change  brought  about  by  the  asphyxia.  The  hepatic  glycogen  is  not  af- 
fected by  the  various  energy  deprivation  states.  The  levels  of  glycogen 
of  the  liver  reflect  the  dietary  status  of  the  animals.  The  heart,  lung, 
kidney,  and  muscle  recovered  rapidly  and  showed  no  residual  effect  as  far 
as  their  glycogen  content  is  concerned.  The  muscle  and  kidney  glycogen 
of  the  juvenile  animals  are  less  tolerant  to  episodes  of  anoxia  than  the 
newborns . 

Preliminary  data  on  the  brain  indicates  that  the  glycogen  levels  are  not 
as  sensitive  to  prolonged  partial  asphyxia  as  polysome  integrity  and  pro- 
tein synthesis. 

It  has  been  found  that  brain  glycogen  steadily  increases  to  170%  above 
normal  values  over  the  first  48  hours  under  anesthesia,  in  spite  of  the 
severe  restrictions  on  caloric  intake.   The  increase  in  brain  glycogen  due 
to  restricted  caloric  intake  (starvation)  is  only  32%.  The  cerebral  glyco- 
gen increase  of  32%  of  the  thoractomy-sham  operated  control  monkey  for  the 
ischemia  experiments,  which  have  been  maintained  without  caloric  intake  for 
three  days,  shows  that  the  increase  in  the  cerebral  glycogen  is  due  to  the 
limited  caloric  intake  of  these  animals  and  not  due  to  the  major  surgery  to 
which  they  have  been  subjected.   The  glycogen  buildup  in  the  brain  of  anes- 
thetized monkeys  follows  a  different  pattern  than  that  seen  for  asphyxia 
and  ischemia. 

Unlike  acute  asphyxia,  ischemia,  and  anesthesia  in  the  monkey,  the  brain 
of  hypoglycemic  monkeys  tends  to  have  its  glycogen  levels  Increase  steadily 
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for  24  hours  and  level  off  at  150%  above  the  control  levels.  At  60  hours 
the  glycogen  levels  are  still  very  high.  The  other  tissues  show  no  changes 
in  glycogen  concentration  over  the  controls. 

Significance:   The  glycogen  response  by  the  brain  12  hours  after  the  on- 
set of  an  asphyctic  or  ischemic  episode  is  more  sensitive  than  the  morpho- 
logical changes.  The  carbohydrate  changes  are  reversible. 

The  muscle  and  kidney  of  the  juvenile  animals  also  show  alteration  in 
their  storage  patterns  during  the  recovery  period.  These  Investigations 
have  pointed  out  that  different  forms  of  energy  deprivation  result  in  re- 
markably similar  changes  in  the  carbohydrate  metabolism  of  the  brain. 
These  changes  appear  reversible. 

Proposed  Course  of  Project:  Investigation  of  the  enzymes  of  the  glyco- 
gen biosynthesis  pathways  will  be  studied,  as  well  as  the  ATP  levels  of 
the  various  tissues,  to  ascertain  if  the  mechanisms  of  the  changes  can  be 
elucidated. 

Honors  and  Awards :  None 

Publications: 

Rivera,  A.,  Jr.,  Brann,  A.  W. ,  Jr.,  Martinez-de  Jesus,  J.,  and  Myers, 
R.  E.:  Glycogen  content  of  the  vital  organs  of  newborn  monkeys  re- 
covering from  asphyxia.   Biol.  Neonate,  1972.   In  press. 
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1.  Laboratory  of  Perinatal  Physiology 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Functions  of  the  anterior  corpus  callosum  of  the  monkey 

Previous  Serial  Number:   Same 

Principal  Investigator:   Shun-ichi  Yamaguchi,  Ph.D. 

Other  Investigators:      Ronald  E.   hfyers,   M.D.  ,   Ph.D. 

Cooperating  Units:  None 

Man  Years : 

Total:  .69 

Professional:  .20 

Other:  .49 

Project  Description:   Project  completed 

Honors  and  Awards :   None 

Publications :   None 
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1.  Laboratory  of  Perinatal  Physiology 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Functions  of  forebrain  commissures  in  visual  learning  trans- 
fer in  the  monkey 

Previous  Serial  Number:   Same 

Principal  Investigator:   Ronald  E.  Myers,  M.D.,  Ph.D. 

Other  Investigators:  Kazuo  Hara,  Ph.D. 

Cooperating  Units:  Department  of  Psychology,  International  Christian  Univer- 
sity, Mitaka,  Tokyo,  Japan 

Man  Years : 

Total:  .36 

Professional:  .04 

Other:  .32 

Project  Description: 

Objectives:   To  determine  the  functional  role  of  the  corpus  callosum  and 
the  anterior  commissure  in  interocular  transfer  of  visual  learning,  the  de- 
grees of  transfer  deficits  in  relation  to  the  complexity  of  visual  stimuli 
and  the  difficulty  of  discrimination  problems  (Exp.  I),  timing  of  the  com- 
missurotomy in  relation  to  the  progress  of  learning  (Exp.  II),  and  the  de- 
gree of  early  sensory  deprivation  (Exp.  Ill)  were  examined. 

Methods  Employed:   Exp.  I.  Midsagittal  sectioning  of  the  optic  chiasma, 
the  corpus  callosum  and  the  anterior  comnissure:   learning  of  visual  dis- 
criminations by  one  eye,  while  the  other  eye  is  occluded,  transfer  test 
after  shifting  the  occluder,  reversal  learning  and  subsequent  second  trans- 
fer test  with  the  opposite  eye.   Five  different  discriminanda  are  studied — 
brightness,  color,  pattern,  form  and  scene. 

Exp.  II.  General  procedure  is  the  same  as  the  Exp.  I  except  that  dis- 
criminanda utilizing  different  stimuli  are  presented  in  random  order. 
Midsagittal  sectioning  of  the  corpus  callosum  and  the  anterior  commissure 
is  postponed  until  the  subjects  complete  initial  learnings  of  the  third 
problem. 

Exp.  III.  During  various  postnatal  periods,  infant  monkeys  are  sub- 
jected to  midline  sections  of  the  optic  chiasma,  the  anterior  commissure 
and  the  corpus  callosum.   At  the  same  time,  the  eyelids  of  one  eye  are 
sutured  closed.  These  subjects  are  raised  with  monocular  vision  for 
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twelve  months,  and  the  closed  eye  then  reopened.   The  testing  procedure  as 
employed  for  the  Exp.  I  will  be  followed. 

Major  Findings:   Exp.  I.   Monkeys  with  total  section  of  the  forebrain 
commissures  and  the  optic  chiasma  exhibited  moderate  degrees  of  inter- 
ocular  transfer  of  brightness,  color  and  scene,  while  no  such  transfer  in 
pattern  and  form  was  observed.   Those  stimuli  which  manifest  transfers  are 
available  in  the  natural  habitat  and  thus  have  become  components  of  social 
signal,  which  might  be  handled  in  a  quantitatively  different  fashion  than 
neutral  signals  by  the  visual  mechanisms.   Exps .  II  and  III  currently  are 
being  initiated. 

Significance:   Though  the  lack  of  interocular  transfer  of  visual  learn- 
ing after  midline  section  of  commissural  fibers  has  been  observed  by  many 
investigators,  many  ambiguities  on  the  nature  of  those  deficits  still  re- 
main.  The  present  study  aims  to  clarify  some  of  the  Issues  which  relate 
to  such  variables  as  the  difficulty  of  the  discrimination  problems  and  the 
complexity  of  the  stimuli  as  well  as  the  degree  of  sophistication  of  sub- 
jects and  the  interproblem  transfer  or  generalization  of  learning  tasks. 
Also,  the  last  experiment  would  provide  critical  tests  for  the  time  course 
of  development  of  visual  perception  and  visual  learning  and  of  commissural 
functions  in  relation  to  these  processes.  Findings  from  these  studies  have 
relevance  for  our  understanding  of  the  rehabilitation  of  human  blindness 
(amblyopia  ex  anopsia)  as  well  as  for  the  psychological  understanding  of 
sensory  deprivation  and  its  effects. 

Proposed  Course  of  Project:   Exp.  I  completed.   Exps.  II  and  III  have 
been  initiated  according  to  the  plan. 

Honors  and  Awards :   None 

Publications:   None 
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Serial  No.   NDS(I)    69-LPP  1715 

1.  Laboratory  of  Perinatal  Physiology 

2.  Office  of   the  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Effect  of  hypoxic  hypoxia  on  the  monkey  brain 

Previous  Serial  Number:   Same 

Principal  Investigator:  Harvey  M.  Shapiro,  M.D. 

Other  Investigators:  R.  E.  Myers,  M.D.,  Ph.D. 

Cooperating  Units:  None 

Man  Years: 

Total:  .37 

Professional:  .04 

Other:  .33 

Project  Description: 

Objectives:   The  hypoxic  hypoxia  model  is  developed  for  study  of  brain 
changes  associated  with  hypoxia  in  the  absence  of  arterial  hypotension  or 
circulatory  stasis.  This  preparation  isolates  the  effect  of  oxygen  depri- 
vation upon  brain  chemistry,  acid-base  status,  electrical  activity,  and 
morphology. 

Methods  Employed:   Under  intravenous  barbiturate  anesthesia,  the  adult 
monkey  is  exposed  to  a  2.5-3.5%  mixture  of  oxygen  in  nitrogen  administered 
by  a  mechanical  ventilator  which  is  adjusted  to  yield  a  mild  hypocapnia. 

Cerebrospinal  fluid  and  blood  gas  tensions  and  acid-base  status  are 
monitored.   Small  amounts  of  cardiotonic  drugs  are  administered  to  permit 
adjustment  of  the  arterial  blood  pressure.   The  jugular  venous  pressure, 
electroencephalogram,  brain  electrical  impedance,  electrocardiogram,  and 
at  times  the  intracranial  pressure  are  monitored.  Animals  for  optical 
microscopy  survive  for  a  period  of  three  weeks  and  are  then  formalin- 
perfused  and  their  brains  examined  grossly  and  histologically.  Animals 
for  electronmicroscopy  are  perfused  with  glutaraldehyde  at  different 
stages  of  insult  and  recovery.   Luciferene  assays  for  ATP  levels  are  per- 
formed on  animals  sacrificed  at  various  times  during  hypoxia  and  recovery. 

Major  Findings :   Hypoxia  without  vascular  hypotension  results  in  an  iso- 
electric EEC  in  3-8  minutes  in  the  present  experimental  procedure  utilizing 
2.5-3.5%  oxygen  mixtures.   The  arterial  p02  is  18  and  the  jugular  venous 
p02  Is  12.   Both  arterial  blood  and  cerebrospinal  fluid  develop  marked  aci- 
dosis.  There  is  a  significant  decrease  in  CSF  bicarbonsite.  Administration 
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of  100%  oxygen  after  the  insult  period  results  in  a  jugular  venous  blood 
hypercxia  as  manifested  by  a  p02  range  of  275-310.  The  duration  of  the 
jugular  venous  hyperoxia  appears  to  relate  to  the  duration  of  the  hypoxia, 
when  arterial  blood  pressure  is  maintained  over  a  n»an  of  80  mm  Hg.   Below 
mean  arterial  pressures  of  65,  the  degree  of  hyperoxia  is  enhanced  and  the 
hyperoxic  period  prolonged.  This  result  indicates  a  greater  effect  upon 
the  brain  of  the  standard  hypoxic  insult  at  lower  arterial  perfusion 
pressures . 

The  hypoxic  insult  results  in  a  significant  systemic  and  cerebrospinal 
fluid  acidosis.  Animals  with  the  higher  range  of  perfusion  pressures  have 
lesions  limited  to  the  globus  pallidus.  Biochemical  analysis  reveals  a 
tenfold  decrease  in  cortical  ATP  soon  after  the  onset  of  3.5%  O2  adminis- 
tration. Brain  electrical  impedance  increases  20-30%  with  an  onset  latency 
of  2-4  minutes.  The  impedance  returns  toward  its  base-line  values  rapidly 
after  the  administration  of  100%  oxygen  if  there  has  been  no  hypotension. 

Significance:  Remarkable  degrees  of  resistance  of  the  brain  to  profound 
hypoxia  are  demonstrated  if  the  blood  pressure  is  maintained  above  a  mean 
of  65  mm  Hg.  Prolonged  jugular  venous  hyperoxia  is  a  sign  of  a  severe  in- 
sult to  the  brain.   The  recovery  slope  of  the  J.V.  hyperoxic  phase  may  have 
prognostic  value  with  clinical  applications. 

Proposed  Course  of  Project;   Analysis  of  data  and  neuropathologlcal 
changes  are  in  progress . 

Honors  and  Awards:   None 

Publications:  None 
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Serial  No.  NDS(I)  70-LPP  1810 

1.  Laboratory  of  Perinatal  Physiology 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:   Vital  signs  of  the  fetus  as  indicators  of  the  state  of  fetal 
oxygenation 

Previous  Serial  Number:  Same 

Principal  Investigator:   Karlis  Adamsons,  M.D. ,  Ph.D. 

Other  Investigators:   E.  Mueller-Heubach,  M.D. 

Ronald  E.  Myers,  M.D. ,  Ph.D. 

Cooperating  Units:   Mt.  Sinai  School  of  Medicine  and  College  of  Physicians 

and  Surgeons  of  Columbia  University,  New  York,  New  York 

Man  Years : 

Total:  .32 

Professional:  .04 

Other:  .28 

Project  Description: 

Objectives :   To  determine  the  value  of  fetal  heart  rate  and  blood  pres- 
sure in  the  surveillance  of  the  oxygenation  of  the  fetus  during  labor  and 
delivery. 

Methods  Employed:   Fetal  rhesus  monkeys  near  term  are  partly  delivered  by 
hysterotomy  and  prepared  for  recording  of  heart  rate,  blood  pressure  and 
intermittent  blood  sampling.   The  fetus  is  then  returned  to  the  uterine 
cavity;  the  uterus  and  the  abdominal  wall  of  the  mother  are  closed  while  an 
occluding  device  is  retained  around  the  maternal  aorta  for  a  stepwise  reduc- 
tion in  intervillous  space  perfusion.   Blood  samples  of  mother  and  fetus  are 
obtained  at  intervals  for  pH,  p02,  pC02  and  base  deficit  measurements. 

Major  Findings:   Fetal  rhesus  monkeys  near  term  are  partly  delivered  by 
mild,  moderate  degrees  of  fetal  asphyxia.   Only  when  the  oxygen  content  of 
fetal  arterial  blood  falls  below  25%  of  normal  is  there  a  consistent  de- 
crease in  fetal  heart  rate. 

Significance:   This  study  has  demonstrated  that  even  a  continuous  record- 
ing of  fetal  heart  rate  during  labor  may  fail  to  Identify  states  oi"  oxygen 
deprivation  that  might  be  associated  with  permanent  damage  of  the  CNS,  and 
that  analysis  of  fetal  blood  is  indispensable  if  such  occurrences  are  to  be 
eliminated. 
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Proposed  Course  of  Project:  The  study  is  nearly  completed  and  data  are 
being  analyzed  for  the  preparation  of  a  manuscript. 

Honors  and  Awards :   None 

Publications: 

Mueller-Heubach,  E. ,  Adamsons,  K. ,  and  Myers,  R.  E. :  Effects  of  adrenal- 
ectomy on  pregnancy  length  in  the  rhesus  monkey.  Amer.  J.  Obstet.  Gynec. 
112:   221-226,  1972. 
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Serial  No.  NDS(I)  70-LPP  1817 

1.  Laboratory  of  Perinatal  Physiology 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:  Placental  pathology  and  anomalies  in  the  rhesus  monkey 

Previous  Serial  Number:   Same 

Principal  Investigator:   Ronald  E.  Myers,  M.D.,  Ph.D. 

Other  Investigators:  None 

Cooperating  Units:  None 

Man  Years: 

Total:  .32 

Professional:  -04 

Other:  .28 

Project  Description:   Project  completed 

Honors  and  Awards:  None 

Publications: 

Myers,  R.  E.:   The  pathology  of  the  rhesus  monkey  placenta.  Acta 
Endocr.   In  press. 
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1.  Laboratory  of  Perinatal  Physiology 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  Experiences  with  a  large  breeding  colony  of  Macaca  mulatta 

Previous  Serial  Number:   Same 

Principal  Investigators:   Ronald  F.  DiGiacomo,  V.M.D. 

Peter  W.  Shaughnessy,  Ph.D. 

Other  Investigators:   Ronald  E.  Myers,  M.D. ,  Ph.D. 

Cooperating  Units:   Office  of  Biometry,  NINDS 

Man  Years : 

Total:  .31 

Professional:  .04 

Other:  .27 

Project  Description: 

Objectives:  To  describe  experiences  with  a  600-member  rhesus  female 
breeding  colony  encompassing  a  period  of  about  13  years. 

Methods  Employed;   In  the  course  of  management  of  a  large  rhesus  breed- 
ing colony  many  normative  determinations  have  been  made  on  the  pregnant 
rhesus  monkey.   This  data  has  been  collected  and  is  now  being  subjected 
to  statistical  analysis.  A  sampling  of  the  topics  to  be  covered  include 
correlation  of  placental  and  birth  weight,  menstrual  cycle  length  and 
range,  mating  and  conception  experience,  study  of  fetal  mortality,  amni- 
otic fluid  pH  during  gestation,  sedimentation  rate  during  gestation,  harem 
breeding,  induced  vaginal  delivery,  gynecologic  and  obstetric  problems, 
question  of  seasonality  in  the  laboratory,  rhesus  prematurity,  etc.  The 
amount  of  data  is  voluminous;  the  foregoing  list  is  only  a  brief  summary 
of  some  of  the  areas  to  be  studied. 

Major  Findings:   The  initial  findings  to  date  concern  the  prediction  of 
gestational  age  and  birth  weight.  Utilizing  measurements  obtained  from 
bimanual  rectal  palpation  of  the  uterus  and  height  of  fundus,  graphs  have 
been  drawn  for  the  prediction  of  gestational  age  in  the  female  from  known 
timed  pregnancies.   An  analysis  has  also  been  made  of  the  factors  which 
influence  birth  weight  and  four  factors  were  noted  to  have  equal  value  in 
this  determination:   prepregnant  maternal  weight,  maternal  weight  gain, 
gestational  age,  and  sex. 
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Significance:  This  study  will  provide  base  line  data  on  a  large  sampl- 
ing from  an  uncontrolled  environment.   This  information  is  necessary  to 
plan  more  controlled  experiments  in  the  area  of  fetal  and  neonatal 
physiology. 

Proposed  Course  of  Project:  All  of  the  data  on  the  various  subjects  to 
be  examined  has  now  been  collected.  Most  of  the  data  has  already  been  put 
on  the  computer  and  analysis  of  it  is  already  under  way. 

Honors  and  Awards :   None 

Publications: 

DiGiacomo,  R.  F.,  Myers,  R.  E. ,  and  Rivera  Baez,  L. :   Diabetes  mellitus 
in  a  rhesus  monkey  (Macaca  mulatta) :   A  case  report  and  literature  re- 
view.  Lab.  Anim.  Sci.  21:   572-574,  1971. 

DiGiacomo,  R.  F.,  and  Shaughnessy,  P.  W. :   Estimation  of  gestational 
age  and  birth  weight  in  the  rhesus  monkey  (Macaca  mulatta).   Amer.  J. 
Obstet.  Gynec.  112:   619-628,  1972. 

DiGiacomo,  R.  F. ,  and  Shah,  K.  V.:   Virtual  absence  of  infection  with 
Herpesvirus  Simiae  in  colony-reared  rhesus  monkeys  (Macaca  mulatta) , 
with  a  literature  review  on  antibody  prevalence  in  natural  and  labora- 
tory rhesus  populations.   Lab.  Anim.  Sci.  22:   61-77,  1972. 
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1.  Laboratory  of  Perinatal  Physiology 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:   Effects  of  local  hypoventilation  on  brain  tissue  water  and 
electrolyte  contents  in  rhesus  monkeys 

Previous  Serial  Number:   Same 

Principal  Investigator:   Michael  E.  Selzer,  M.D.,  Ph.D. 

Other  Investigators:   S.  B.  Holstein,  M.D. 

R.  E.  Myers,  M.D. ,  Ph.D. 

Cooperating  Units:   None 

Man  Years : 

Total:  .31 

Professional:  .04 

Other:  .27 

Project  Description:   Project  completed 

Honors  and  Awards :   None 

Publications: 

Selzer,  M.  E.,  Myers,  R.  E. ,  and  Holstein,  S.  B. :   Prolonged  partial 
asphyxia:   Effects  on  fetal  brain  water  and  electrolytes.   Neurology. 
In  press . 
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1.  Laboratory  of  Perinatal  Physiology 

2.  Office  of  the  Chief 

3.  Bethesda,   Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  Neurology  of  vocalization  in  rhesus  monkeys 

Previous  Serial  Number:   Same 

Principal  Investigator:   Ronald  E.  Myers,  M.D. ,  Ph.D. 

Other  Investigators:   S.  Yamaguchi,  Ph.D. 

Cooperating  Units:   None 

Man  Years : 

Total:  .29 

Professional:  .04 

Other:  .25 

Project  Description: 

Objectives:   To  define  the  loci  in  the  CNS  responsible  for  vocalization 
in  the  rhesus  monkeys . 

Methods  Employed:   Monkeys  were  selected  for  high  rates  of  spontaneous 
vocalization  in  the  experimental  situation.   The  stability  of  daily  vocali- 
zations of  each  was  examined  for  twenty  experimental  sessions.   The  animals 
were  then  subjected  to  one  of  the  four  brain  operations  including:   1)  abla- 
tion of  cortical  areas  corresponding  to  human  speech  areas,  2)  ablation  of 
the  anterior  temporal  neocortex,  3)  removal  of  the  prefrontal  neocortex, 
and  4)  removal  of  cingulate  cortex.   After  operation,  twenty  more  experi- 
mental sessions  were  run,  and  the  vocalization  rates  were  compared  with  the 
preoperative  levels.   In  some  cases,  the  monkeys  received  second  and  third 
operations . 

Major  Findings :  Prior  to  operation,  the  rates  of  spontaneous  vocaliza- 
tion of  the  selected  monkeys  were  generally  stable  from  day  to  day.  The 
ablation  of  the  cortical  areas  corresponding  to  human  speech  areas  tend  to 
have  little  or  no  effect  on  the  vocalization  rates.  The  cingulate  lesions 
had  slight  effects  on  vocalization.  The  ablation  of  the  anterior  temporal 
neocortex  caused  major  loss  of  vocalization  with  partial  later  recovery. 
The  removal  of  prefrontal  lobe  resulted  in  permanent  and  almost  total  loss 
of  vocalization. 

Significance:   Little  is  known  about  the  neural  mechanism  involved  in 
vocalization  in  sub-human  species.   The  present  effort  attempts  to  clarify 
and  define  the  neurological  basis  of  vocal  behavior  in  a  sub-human  primate. 
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Proposed  Course  of  Project:  The  next  step  in  the  analysis  involves  study 
of  subcortical  mechanisms. 

Honors  and  Awards:   None 

Publications:   None 
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1.  Laboratory  of  Perinatal  Physiology 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1971  through  June  30,  1972 

Project  Title:  Neurology  of  affective  behavior 

Previous  Serial  Number:  Sane 

Principal  Investigator:   Ronald  E.  Myers,  M.D. ,  Ph.D. 

Other  Investigators:  Shun-ichl  Yamaguchi,  Ph.D. 

Kazuo  Hara,  Ph.D. 

Cooperating  Units:  Department  of  Psychology,  International  Christian  Univer- 
sity, Mitaka,  Tokyo,  Japan 

Man  Years : 

Total:  .29 

Professional:  .04 

Other:  .25 

Project  Description:  Project  terminated 

Honors  and  Awards:  None 

Publications :  None 
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1.  Laboratory  of  Perinatal  Physiology 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Relationship  of  age  to  brain  water  and  electrolyte  contents 
in  rhesus  monkeys 

Previous  Serial  Number:   Same 

Principal  Investigator:   Michael  E.  Selzer,  M.D.,  Ph.D. 

Other  Investigators:   S.  B.  Holstein,  M.D. 

R.  E.  Myers,  M.D. ,  Ph.D. 

Cooperating  Units:  None 

Man  Years : 

Total:  .29 

Professional:  .04 

Other:  .25 

Project  Description:   Project  completed 

Honors  and  Awards:   None 

Publications: 

Selzer,  M.  E.,  Myers,  R.  E. ,  and  Holstein,  S.  B. :  Maturational  changes 
in  brain  water  and  electrolytes  with  some  implications  for  electrogene- 
sis .   Brain  Res.   In  press . 
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1.  Laboratory  of  Perinatal  Physiology 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Clinical  and  neuropathological  features  of  experimental 
carbon  monoxide  intoxication  in  the  primate 

Previous  Serial  Number:   Same 

Principal  Investigator:  Myron  D.  Ginsberg,  M.D. 

Other  Investigators:  None 

Cooperating  Units:  None 


Man  Years: 

Total: 

1.07 

Professional: 

.60 

Other: 

.47 

Project  Description: 

Objectives:  To  characterize  the  physiologic  and  metabolic  alterations 
characterizing  acute  single  exposures  to  carbon  monoxide  in  the  juvenile 
rhesus  monkey,  to  analyze  the  patterns  of  pathology  produced,  and  to 
establish  physiological-pathological  correlation  where  possible. 

Methods  Employed:   Timed  exposure,  via  tracheostomy,  of  anesthetized 
monkeys  to  1  and  3  parts  per  million  of  inhaled  carbon  monoxide  gas. 
Blood  pH,  pC02,  02Hgb,  CO-Hgb ,  and  cardiac,  electroencephalographic,  and 
clinical  variables  are  followed  during  the  acute  interval.   Immediate  and 
delayed  neurological  sequelae  are  sought  for  in  the  surviving  animals. 
Neuropathologic  examination  is  performed  on  those  animals  dying  acutely 
jind  those  who  survive  for  periods  of  days  to  weeks. 

Major  Findings :  A  highly  reproducible  pattern  of  bilateral  white  matter 
destruction  was  produced.   Analysis  of  the  physiologic  and  metabolic  al- 
terations of  the  animals  was  completed  and  could  be  correlated  with  extent 
of  pathologic  lesions;  it  was  able  to  be  shown  that  the  magnitude  of 
hypoxia  Itself  did  not  determine  the  extent  of  the  lesion,  but  rather  that 
multiple  factors,  including  metabolic  acidosis  and  hypotension,  were  the 
probable  determinants  of  severity  on  injury,  given  the  necessary  precondi- 
tion of  hypoxemia. 

Significance:   1)  A  detailed  knowledge  of  the  physiologic  responses  of 
animal  to  acute  CO  intoxication  was  obtained.   2)  For  the  first  time,  an 
experimental  leukoencephalopathy  was  produced  using  single  exposures  to 
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CO  under  conditions  that  were  fully  monitored.   3)  The  determinants  of  the 
pathologic  lesion  could  be  specified  to  an  extent,  and  hypoxia  could  be 
excluded  as  being  a  sufficient  condition  for  the  production  of  the  lesions. 

Proposed  Course  of  Project;  Analysis  of  data. 

Honors  and  Awards :   None 

Publications:  None 
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1.  Laboratory  of  Perinatal   Physiology 

2.  Office  of   the  Chief 

3.  Bethesda,   Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  The  effects  of  total  cerebral  circiilatory  arrest  on  the 
patency  of  the  cerebral  microvasculature  in  juvenile 
rhesus  monkeys 

Previous  Serial  Number:   Same 

Principal  Investigator:  Myron  D.  Ginsberg,  M.D. 

Other  Investigators:   Ronald  E.  Myers,  M.D.,  Ph.D. 

Cooperating  Units:   None 

Man  Years : 

Total:  .48 

Professional:  .24 

Other:  ,24 

Project  Description: 

Objectives:   To  determine  whether  the  capillary  "no-reflow"  phenomenon  is 
present  in  the  monkey  following  total  cerebral  ischemia  of  various  durations; 
if  present,  to  document  its  temporal  features  and  some  factors  influencing 
its  occurrence. 

Methods  Employed:   Animals  are  anesthetized;  the  chest  is  quickly  opened 
and  all  the  major  vessels  emanating  from  or  entering  the  heart  clamped. 
Following  ischemia  of  varying  durations,  the  brain  is  perfused  either  with 
a  colloidal  carbon  suspension  or  with  Ringer's  solution.   Following  formalin 
fixation,  the  brains  are  sectioned  (and,  in  the  case  of  the  Ringer's  per- 
fused animals,  stained  for  hemoglobin)  and  examined  for  capillary  perfusion 
patency. 

Major  Findings :   Reproducible  patterns  of  microvascular  nonperfusion  were 
noted  in  the  putamen,  thalamus,  and  in  the  region  of  inferior  colliculi  and 
oculomotor  nuclei  at  10  minutes;  longer  periods  of  circulatory  arrest  were 
associated  with  more  extensive  nonperfusion  in  the  basal  ganglia  and  with 
symmetrical  areas  of  no-reflow  in  paracentral  cortex. 

Significance:   1)  The  existence  of  the  no-reflow  phenomenon  was  estab- 
lished in  the  primate.   2)  The  topography  of  the  no-reflow  lesions  strongly 
suggested,  by  their  resemblance  to  the  topography  of  various  forms  of  peri- 
natal encephalopathy,  that  the  no-reflow  phenomenon  may  play  a  role  in  the 
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phenomenon  of  the  selective  vulnerability  of  the  nervotis  system  to  ischemic 
Insults . 

Proposed  Course  of  Project:   Project  completed 

Honors  and  Awards:   None 

Publications: 

Ginsberg,  M.D.,  and  Myers,  R.  E. :   Topography  of  impaired  microvascular 
perfusion  in  the  primate  brain  following  total  circulatory  arrest. 
Neurology  (Minneap.) .   In  press . 
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1.  Laboratory  of  Perinatal  Physiology 

2.  Office  of   the  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  Neuropathological  effects  of  sodium  cyanide  in  rhesus  monkeys 

Previous  Serial  Number:   Same 

Principal  Investigator:  Michael  J.  Labance,  M.D. 

Other  Investigators:   Ronald  E.  Myers,  M.D. ,  Ph.D. 

Cooperating  Units:  None 

Man  Years: 

Total:  1.79 

Professional:  1.04 

Other:  .75 

Project  Description: 

Objectives:  To  determine  the  neuropathological  effects  of  sodium  cyanide, 
its  dose  dependence,  reversibility,  and  areas  of  primary  effect  in  the  rhesus 
monkey. 

Methods  Enyloyed:  Monkeys  are  anesthetized  with  35  mg/kg  pentobarbitol. 
A  tracheotomy  or  endotracheal  intubation  is  performed.  A  femoral  artery  and 
both  femoral  veins  are  catheterized.  Arterial  pressure,  venous  pressure,  an 
EEC  and  an  EKG  are  monitored.   Control  blood  gases  are  obtained  and  subse- 
quently followed  throughout  the  experiment.  An  intravenous  infusion  of  one 
mg  sodium  cyanide  per  cc  of  physiological  saline  is  started.   Initial  experi- 
ments utilized  multiple  single  doses.  More  recent  experiments  incorporate  a 
constant  infusion  which  is  adjusted  to  a  maximal  rate  which  still  permits 
adequate  circulatory  perfusion.  In  some  experiments  after  two  hours  of 
intravenous  administration,  the  animal  was  sacrificed  and  perfused  with 
saline  followed  by  a  thorough  perfusion  with  formalin.   The  brain  was  then 
removed  and  preserved  in  formalin.   In  subsequent  experiments,  animals  were 
permitted  to  survive  the  experiment  and  were  sacrificed  at  intervals  of  weeks 
to  months  after  recovery.   Brains  were  examined  grossly  and  fixed  in  formalin 
for  later  histopathological  examination. 

Major  Findings :  The  multiple  single  dose  regimen  of  sodium  cyanide  ad- 
ministration produced  marked  effects,  all  dosage  dependent,  on  respiratory 
and  circulatory  function.   The  initial  effect  of  a  maximum  tolerable  dose 
was  hyperpnea  and  mild  blood  pressure  elevation.  A  subsequent  period  of 
respiratory  depression  and  apnea  would  characteristically  ensue  with  a 
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corresponding  marked  hypotensive  episode.  A  slow  return  to  control  condi- 
tions would  then  follow.  In  some  instances,  bilateral,  tonic,  clonic  sei- 
zure activity  would  occur. 

During  the  continuous  infusion  experiments,  hyperpnea  was  prolonged  and 
a  moderate  rate  of  fall  of  blood  pressure  was  achieved.  After  a  signifi- 
cant total  dose  of  sodium  cyanide  was  given,  respiratory  activity  would 
wane  and  assisted  respiration  was  necessary.   Both  gross  and  histopatho- 
logical  evidence  of  brain  damage  has  been  found  in  some  animals  surviving 
the  acute  insult  and  sacrificed  weeks  to  months  later.   Lesions  have  been 
found  in  cerebral  cortex,  cerebellum,  white  matter  and  basal  ganglia. 

Significance:   Sodium  cyanide  reacts  with  iron  in  the  ferric  (trivalent) 
state  and  therefore  binds  to  the  iron  of  cytochrome  oxidase  to  form  a 
cytochrome  oxldase-CN  complex  which  effectively  blocks  cellular  respiration 
producing  a  cytotoxic  hypoxia.   This  model  fits  into  this  Laboratory's  goal 
of  investigating  various  methods  of  energy  deprivation  in  the  central  ner- 
vous system. 

Proposed  Course  of  Project;  Analysis  of  data 

Honors  and  Awards:   None 

Publications :  None 
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1.  Laboratory  of  Perinatal  Physiology 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Neuropathological,  physiological  and  metabolic  effects  of 
systemic  hypotension  on  adult  monkey  brain 

Previous  Serial  Number:   Same 

Principal  Investigator:  Dennis  J.  Selkoe,  M.D. 

Other  Investigators:  Ronald  E.  Myers,  M.D. ,  Ph.D. 

Cooperating  Units:  None 


.  Years: 

Total: 

1.79 

Professional: 

1.04 

Other: 

.75 

Project  Description: 
Objectives ; 

1)  To  develop  a  satisfactory  model  of  systemic  hypotension  and  the  shock 
syndrome  in  rhesus  monkeys. 

2)  To  investigate  the  effects  of  systemic  hypotension  on: 

a)  Characteristic  neuropathological  patterns  in  animals  surviving 
varying  degrees  of  hypotension. 

b)  Rate  and  extent  of  postmortem  cerebral  changes,  particularly 
brain  swelling,  distribution  of  brain  water,  and  necrobiotic 
cellular  changes. 

c)  Cardiovascular,  electroencephalographic  and  cerebral  metabolic 
parameters . 

Methods  Employed:  Anesthetized  juvenile  monkeys  undergo  endotracheal 
intubation  and  catheterization  of  several  vessels.  A  number  of  physio- 
logic parameters  (BP,  venous  pressure,  ECG,  EEC,  temperature,  blood  gases, 
etc.)  are  continuously  recorded.  In  the  experimental  animals,  systenic 
hypotension  is  produced  by  controlled  hemorrhage  for  varying  intervals, 
or  by  the  use  of  ganglionic  blocking  agents  (e.g.,  Arf onad) .  After  the 
hypotensive  period,  the  animal  is  either  sacrificed  or  allowed  to  survive. 

For  objective  2b  (above),  the  brain  is  removed  and  incubated  in  normal 
saline  (with  antibiotics)  at  37°C.   Serial  determinations  of  wet  weight 
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and  volume  are  made  during  the  postmortem  incubation.   In  some  animals, 
cerebral  blood  flow,  A-V  O2  and  glucose  differences  and  intracranial  pres- 
sure measurements  are  performed.   Brains  of  survivors  are  examined 
ueuropathologically . 

Major  Findings :   Postmortem  brain  swelling:   The  effect  of  premortem 
hypotension  on  the  postmortem  brain  is  variable,  and  further  experiments 
are  being  carried  out  to  pinpoint  the  important  factors  involved.   Pre- 
liminary findings  indicate  significantly  smaller  water  uptake  and  volume 
gain  of  incubated  brains  in  animals  which  were  profoundly  hypotensive  in 
the  immediate  premortem  period  as  compared  to  normotensive  controls. 
Brains  are  being  examined  for  differences  in  postmortem  histological 
changes  depending  on  the  presence  or  absence  of  premortem  hypotension. 

Studies  on  the  metabolic  and  neuropathological  effects  of  systemic 
hypotension  on  the  brain  are  in  progress.   The  results  to  date  give 
information  about  the  relative  vulnerability  of  the  brain  to  hypotensive 
insult,  the  degree,  duration  and  mode  of  production  of  hypotension  which 
will  (or  will  not)  produce  brain  damage,  and  the  patterns  of  pathology 
seen  with  varying  insults.  Data  concerning  the  utilization  of  glucose 
and  oxygen  by  the  brain  during  hypotension  and  the  changes  in  carotid 
artery  bloodflow  have  also  been  gathered.  Analysis  of  this  data  and 
further  experiments  are  under  way. 

Significance:  An  easily  producible  and  reliable  model  of  the  clinical 
shock  syndrome  and,  hence,  cerebral  ischemia  has  been  developed  without 
using  potent  vasomotor  drugs  or  complex  neurosurgical  procedures.  This 
will  be  used  to  study  systematically  the  various  physiological,  patho- 
logical, and  metabolic  changes  associated  with  shock  and  cerebral  ischemia. 

The  finding  of  a  possible  decrease  in  the  postmortem  water  uptake  and 
swelling  of  brains  in  animals  who  were  hypotensive  and  acidotic  immedi- 
ately premortem  as  compared  to  normotensive  controls  may  indicate  that 
rather  acute  failure  of  capillary  circulation  and  subsequent  disruption 
of  energy-requiring  active  transport  processes  cause  membrane  permeability 
changes  and  escape  of  anaerobic  acid  metabolites  from  the  brain  premortem, 
with  less  dysosmosis  therefore  occurring  after  death.  Whether  this  pro- 
cess leads  to  a  relative  postmortem  cellular  preservation  in  profoundly 
hypotensive  animals  will  be  seen  after  the  neuropathology  on  these  brains 
is  complete. 

Proposed  Course  of  Project;  The  hypotensive  model  will  continue  to  be 
employed  to  determine  the  first  changes  responsible  for  irreversible  dam- 
age, the  sequence  of  pathological  and  metabolic  changes  produced  by  cere- 
bral ischemia,  and  the  physiologic  changes  which  could  be  monitored  to 
predict  the  clinical  and  pathological  outcome  of  a  particular  hypotensive 
episode. 

Honors  and  Awards:   None 
Publications:  None 
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1.  Laboratory  of   Perinatal  Physiology 

2.  Office  of   the  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   The  physiologic  and  neuropathological  consequences  of 
maternal  carbon  monoxide  exposure  on  the  term  fetus 

Previous  Serial  Number:  None 

Principal  Investigators:   Ronald  E.  Myers,  M.D. ,  Ph.D. 

Myron  D.  Ginsberg,  M.D. 

Other  Investigators:  None 

Cooperating  Units:  None 

Man  Years : 

Total:  .49 

Professional:  .24 

Other:  .25 

Project  Description: 

Objectives:   To  use  carbon  monoxide  as  a  means  of  producing  regulated 
degrees  of  maternal  hypoxia;  to  study  the  effects  of  the  hypoxia  on  the 
term  fetus  in  utero;  to  analyze  the  kinetics  of  CO  transfer  from  mother 
to  fetus;  to  study  the  neuropathology  produced  In  the  fetus. 

Methods  Employed:   Pregnant  rhesus  monkeys  at  term  undergo  hysterotomy; 
the  fetal  femoral  artery  is  catheterized,  and  EKG  leads  are  placed  on  the 
fetus,  which  is  then  returned  to  the  uterus.   Carbon  monoxide  is  delivered 
to  the  mother  in  a  concentration  to  produce  COHb  levels  of  30-50%  in  the 
mother;  maternal  and  fetal  blood  gases,  COHb,  arterial  O2  content  are 
monitored.   The  fetus  is  delivered  and  resuscitated  at  the  termination  of 
the  insult. 

Major  Findings :   Data  analysis  in  progress.   Preliminary  findings  are 
that  the  degree  of  fetal  hypoxia  is  determined  by  maternal  hypoxemia  and 
that,  although  maternal  COHb  levels  rise  quickly,  equilibration  of  CO 
across  the  placenta  occurs  slowly,  such  that  fetal  COHb  levels  remain  low 
at  a  time  that  the  fetus  is  severely  hypoxic.   The  severely  injured  fe- 
tuses die  within  1-3  days  of  the  insult  and  show  severe  brain  swelling 
with  hemorrhagic  necrosis  in  cortex  and  basal  ganglia.   The  less  injured 
fetuses  are  alive  at  present. 

Significance:   1)  Documentation  of  the  mechanism  of  injury  to  the  fetus 
from  maternal  CO  inhalation.   2)  Demonstration  of  the  precise  degree  of 
hypoxia  needed  to  produce  this  type  of  fetal  brain  injury. 
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Proposed  Course  of  Project;  Analysis  of  data. 
Honors  and  Awards:   None 
Publications:   None 
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1.  Laboratory  of  Perinatal  Physiology 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  Neural  structures  involved  in  vocalizations  of  the  cottontop 
marmoset 

Previous  Serial  Number:  None 

Principal  Investigator:  Elizabeth  F.  Ratliff,  M.A. 

Other  Investigators:  Ronald  E.  Myers,  M.D. ,  Ph.D. 

Cooperating  Units:  None 

Man  Years: 

Total:  .69 

Professional:  '0^ 

Other:  .65 

Project  Description: 

Objectives:   1)  To  determine  frequency  and  type  of  spontaneous  vocaliza- 
tions among  caged  marmosets,  and  2)  to  define  the  relationship  of  the  pre- 
frontal and  anterior  temporal  cortical  areas  to  this  spontaneous 
vocalization. 

Methods  Employed:  Marmoset  pairs  are  observed  from  1/4  to  1/2  hour  per 
day,  five  days /week  and  their  type  and  frequency  of  vocalizations  are  de- 
scribed. After  suitable  base-line  data  is  gathered,  cortical  ablations  are 
performed,  after  which  their  vocal  behavior  is  further  described. 

Major  Findings :  Studies  have  just  begun  and  the  spontaneous  vocaliza- 
tions of  the  marmosets  are  being  defined. 

Significance:  The  correlation  of  vocalizations  of  this  primitive  primate 
to  the  more  advanced  rhesus  monkey  and  finally  to  human  vocal  activity  is 
important  in  understanding  the  evolution  and  function  of  cortical  mechanisms. 

Proposed  Course  of  Project:  Produce  brain  lesions  in  the  prefrontal  and 
anterior  temporal  areas  of  cortex  to  determine  their  importance  in  regula- 
tion of  vocal  activity  of  the  marmoset. 

Honors  and  Awards :  None 

Publications:  None 
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PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:  Importance  of  corpus  callosum  in  modification  of  affective 
behavior  in  rhesus  monkeys  with  sectioned  optic  chiasma  in 
combination  with  specific  cortical  lesions 

Previous  Serial  Number:  None 

Principal  Investigator:   Elizabeth  F.  Ratliff,  M.A. 

Other  Investigators:  Ronald  E.  Myers,  M.D.,  Ph.D. 

Cooperating  Units:  None 


Man  Years: 

Total: 

.99 

Professional: 

.04 

Other: 

.95 

Project  Description: 

Objectives:  1)  To  determine  affective  behavioral  parameters  of  indi- 
vidually caged  adult  female  rhesus  monkeys  to  stimuli  projected  by  a  human 
observer.   2)  Differentiate  these  behaviors  before  and  after  optic  chiasma 
section.  3)  Delineate  the  behavioral  parameters  following  subsequent  spe- 
cific lesions  of  brain  cortex  known  to  influence  facial  and  gestural 
communication.  A)  Define  the  importance  of  the  corpus  callusum  to  inter- 
hemispheric  transfer  of  emotional  behavior. 

Methods  Employed:  Adult  female  rhesus  monkeys  are  housed  individually. 
These  females  are  observed  for  five  minutes  a  day,  five  days  a  week  and 
their  behavior  is  described.   Provocative  tests  are  devised  and  instigated 
by  an  observer  designed  to  elicit  strong  emotional  response  by  the  female 
monkeys.  These  include  facial  and/or  gestural  threats,  offering  of  a 
desired  food  object,  and  various  threats  directed  to  an  infant  monkey. 
The  response  of  the  females  is  noted  on  a  checklist  which  is  divided  into 
30-second  intervals.  All  categories  are  discrete  and  the  objective  and 
subjective  behavior  of  the  monkey  is  recorded.   Suitable  baseline  data  is 
gathered  before  sectioning  of  the  optic  chiasma.  An  opaque  eye  disk  is 
inserted  in  alternate  eyes  over  a  period  of  time  and  the  monkey  is  tested. 
The  monkey  then  undergoes  unilateral  ablation  of  a  cortical  area  known  to 
produce  changes  in  affective  behavioral  responses  after  bilateral  removal. 
The  contralateral  eye  is  occluded,  further  testing  is  done,  and  then  the 
ipsilateral  eye  is  occluded.  Additional  unilateral  lesions  on  the  ipsi- 
lateral  side  of  the  previous  lesion  are  carried  out.  Finally,  either  the 
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corpus  callosum  is  sectioned  or  a  similar  cortical  lesion  is  performed  on 
the  contralateral  side.   Behavioral  modifications,  if  any,  are  noted 
throughout. 

Major  Findings :   In  the  exploratory  studies  thus  far  completed,  uni- 
lateral cortical  lesion  after  optic  tract  sectioning  and  with  the  contra- 
lateral eye  occluded  indicates  a  loss  of  affective  behavioral  responses 
to  social  stimuli.   This  deficit  is  appropriate  to  that  elicited  from 
monkeys  with  similar  lesions  of  cortex  bilaterally.   However,  subsequent 
exposure  of  the  contralateral  eye  to  the  same  stimuli  elicits  behavioral 
responses  similar  to  those  belonging  in  the  preoperative  repertoire. 
Additioal  viewing  by  the  ipsilateral  eye  then  shows  some  behavioral 
deficit  but  not  to  the  same  extreme  as  before,  thus  indicating  some  trans- 
ference of  learning  between  the  hemispheres.   However,  additional  cortical 
lesions  appear  to  compound  the  original  deficit  with  little  recovery  of 
appropriate  social  responses  on  the  ipsilateral  side.  This  occurs  even 
after  several  weeks  of  appropriate  responses  given  by  the  contralateral 
eye. 

Significance:  The  corpus  callosum  does  play  some  role  in  the  inter- 
hemispheric  transfer  of  social  behavior  in  the  monkey.   However,  this 
transfer  ability  appears  to  be  restricted  in  effectiveness  since  it  does 
not  occur  following  a  second  unilateral  ablation  on  the  ipsilateral  hemi- 
sphere.  This  inability  of  the  monkey  to  respond  appropriately  on  the 
ipsilateral  side  after  unilateral  lesions  of  the  prefrontal  and  anterior 
cortical  areas,  even  after  contralateral  viewing  and  with  the  corpus 
callosum  intact,  indicates  the  importance  of  these  cortical  areas  in  the 
regulation  and  control  of  affective  behavior  in  the  monkey. 

Proposed  Course  of  Project:   Further  studies  are  necessary  to  determine 
laterality  of  brain  function  in  affective  behavior  and  to  clarify  the  role 
of  the  corpus  callosum  in  interhemispheric  transfer  of  social  behavioral 
responses. 

Honors  and  Awards :   None 

Publications:  None 
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Project  Title:  Physiology  and  neuropathology  of  acute  total  asphyxia  in  the 
rhesus  monkey 

Previous  Serial  Number:   None 

Principal  Investigator:   David  M.  Mirvis ,  M.D. 

Other  Investigators:   Gary  S.  Kopf,  M.D. 

Ronald  E.  Myers,  M.D. ,  Ph.D. 

Cooperating  Units:  None 


I  Years : 

Total: 

1.04 

Professional: 

.79 

Other: 

.25 

Project  Description: 

Objectives:   1)  Minimal  insult  needed  to  produce  neuropathologic  changes ; 
2)  effect  of  more  prolonged  asphyxia  on  the  topography  of  neuropathologic 
lesions;  cardiovascular  response  to  acute  total  asphyxia. 

Methods  Employed:   Juvenile  rhesus  monkeys  were  anesthetized  and  trache- 
ostomized.   Femoral  arteries  and  veins  were  catheterized.   Following  a 
suitable  control  period,  the  endotracheal  tube  was  completely  occluded,  pro- 
ducing total  asphyxia,  for  a  predetermined  period  of  time  (3-15  min.). 
Blood  gases,  acid-base  status,  ECG,  EEC,  and  arterial  and  venous  pressures 
and  respiratory  efforts  were  monitored  before,  during  and  after  asphyxia. 
Animals  surviving  more  than  two  hours  were  sacrificed;  brains  were  removed 
and  examined. 

Major  Findings:   The  physiologic  effects  of  acute  total  asphyxia  consist 
of  early  tachycardia  and  systolic  hypertension.   This  is  followed  by  sudden 
onset  of  a  marked  bradycardia  and  fall  in  blood  pressure.   Pressures,  how- 
ever, stabilized  and  often  rise  to  levels  near  control  prior  to  a  final  fall 
to  zero  levels.   The  second  rise  appears  to  occur  at  the  time  of  cessation 
of  respiratory  efforts,  suggesting  that  it  is  related  to  systemic  vasocon- 
striction secondary  to  powerful  chemoreceptor  stimuli  unopposed  by  pulmonary 
stretch  reflexes.   Also  noted  was  that  electrocardiographic  rhythm  changes 
show  mainly  progressive  atrioventricular  and  intraventricular  conduction 
defects  with  remarkably  little  ventricular  irritability. 
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Neuropathologic  analysis  is  tinder  progress.  Examination  of  gross  speci- 
mens indicates  that  a  reproducible  lesion  of  globus  pallidus  appears  to  be 
present  in  animals  undergoing  as  little  as  6  mm  of  asphyxia.  With  more 
prolonged  asphyxia,  brain  stem  and  central  lesions  appear.  Microscopic 
examination  is  in  progress . 

Significance: 

1)  It  appears  that  acute  total  asphyxia  produces  a  specific  neuro- 
pathologic lesion,  i.e.,  in  the  globus  pallidus,  as  the  first  lesion  seen 
with  insults  of  various  durations. 

2)  The  finding  of  a  second  rise  in  blood  pressure  with  a  persistent 
bradycardia  and  cessation  of  respiratory  effort  support  the  hypothesis 
founded  in  rabbits  that  pulmonary  reflexes  oppose  those  originating  in 
the  primary  carotid  chemoreceptors. 

3)  Two  findings  noted  in  this  study  suggest  a  role  for  blood  flow  in- 
dependent of  that  of  hypoxia.   Firstly,  it  has  been  shown  that  coronary 
occlusion  produced  marked  ventricular  irritability;  the  lack  of  this  here 
with  hypoxia  with  flow  suggests  that  flow  may  be  protective.  In  the 
brain,  however,  asphyxia  with  flow  was  associated  with  neuropathologic 
lesions  more  severe  than  previously  noted  with  circulatory  arrest. 

Proposed  Course  of  Project:  This  project  will  continue  into  the  next 
year  and  will  include  further  experiments  on  the  physiology  of  the  model 
including  insults  in  open-chested  animals  and  in  animals  with  autonomic 
blockade.  Other  experiments  using  animals  of  various  ages  will  be  done 
to  define  an  age-dependency  of  the  neuropathologic  lesions. 

Honors  and  Awards:  None 

Publications:  None 
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Previous  Serial  Number:   None 

Principal  Investigators:   David  M.  Mirvis ,  M.D. 
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Project  Description: 

Objectives:   1)  To  apply  methods  of  evaluation  of  cardiac  contractility 
based  on  muscle  mechanics  to  the  rhesus  monkey.   2)  To  evaluate  these 
methods  as  to  a)  the  effect  of  hemodynamic  interventions  on  their  sensi- 
tivity, b)  the  physical  requirements  of  measuring  systems  needed  to  accu- 
rately determine  them,  and  c)  the  various  analog  and  digital  methods  that 
can  be  used  to  calculate  the  indices . 

Methods  Emp loye d :   Juvenile  and  adult  rhesus  monkeys  were  anesthetized, 
femoral  veins  and  arteries  catheterized,  and  a  high  fidelity  catheter-tip 
micromanometer  passed  into  the  left  ventricle  via  the  right  carotid  artery. 
The  LV  pressure  is  then  fed  to  an  analog  differentiator,  the  output  being 
dp/dt.   With  such  measurments,  a  parameter  known  as  Vmax  is  then  calculated. 
This  parameter  is  said  to  be  altered  only  by  changes  In  inotropic  status  of 
the  heart. 

Major  Findings :   The  anatomy  of  the  rhesus  monkey  is  such  that  passage 
of  catheter  systems  into  the  left  ventricle  is  feasible.   Its  physiology 
is  such  that  the  above-mentioned  calculations  can  be  evaluated.   These 
studies  are  still  in  their  infancy  and  little  data  is  available  at  this 
time. 

Significance :   The  method  of  cardiac  evaluation  is  ideally  suited  to 
measure  the  effect  of  complex  interventions  on  the  heart.   Insults,  such 
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as  hypoxia  and  asphyxia,  produce  changes  in  inotropic  status  and  in  loading 
conditions.  All  previously  described  methods  cannot  distinguish  between 
these  changes.   This  method  can. 

Proposed  Course  of  Project;   In  the  next  several  months,  it  is  hoped 
that  experiments  can  be  performed  that  will  a)  expand  the  usefulness  of 
this  method  to  include  measurements  during  the  various  dysergic  states 
xmder  examination  in  this  laboratory,  e.g.,  hypoxia  and  asphyxia;  b)  de- 
fine the  physical  characteristics  of  catheter  systems  and  analog  differ- 
entiators needed  to  utilize  the  method;  and  c)  expand  the  technique  to 
include  digital  computer  techniques  and  analog  logarithmic  amplifiers  to 
reduce  errors. 

Honors  and  Awards:   None 

Publications:   None 
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Project  Description: 

Objectives:  To  control  the  circulation  of  rhesus  monkeys  with  a  heart- 
lung  machine  and  to  study  the  effects  of  h3n>oxia  on  the  CNS  with  con- 
trolled circulation. 

Methods  Employed;  A  heart-lung  machine  consisting  of  roller  pumps, 
membrane  oxygenator,  bubble  trap,  blood  filter  and  heat  exchanger  has  been 
developed,  with  minimal  priming  volume,  which  may  be  used  to  support  the 
circulation  of  rhesus  monkeys  as  small  as  several  kilograms  in  weight. 
Juvenile  and  adult  rhesus  monkeys  are  anesthetized  and  connected  to  the 
heart-lung  machine.  Blood  p02  is  controlled  via  the  membrane  oxygenator 
as  well  as  blood  pressure.  The  animals  are  then  subject  to  various  levels 
of  hypoxia  for  various  periods  of  time.  Animals  which  survive  are  sacri- 
ficed after  a  two-week  period  and  neuropathological  analysis  is  done. 

Major  Findings :  Monkeys  weighing  5-10  kg  appear  to  tolerate  well 
heart- lung  bypass  with  the  type  of  system  used.  The  small  priming  volume 
and  membrane  oxygenation  seem  to  be  particularly  suited  to  meet  the  needs 
of  these  animals.   It  is  apparent  that  this  type  of  device  will  enable  us 
to  study  the  effects  of  profound  hypoxia  on  the  CNS  independent  of  the 
complicating  effects  it  may  have  on  the  circulation,  and  to  separate  out 
those  factors  which  are  circulatory  dependent  from  the  others . 

Significance:  Up  until  the  present,  it  has  been  extremely  difficult 
to  produce  "pure"  insults  on  the  CNS  without  at  the  same  time  producing 
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marked  effects  on  the  circulation  which  in  turn  produce  their  own  pathological 
results.   It  appears  that  this  system  is  feasible  to  use  in  the  small  rhesus 
monkey  and  the  effects  of  hypoxia  independent  of  ischemia  can  be  easily 
studied. 

Proposed  Course  of  Project:  We  are  now  in  the  process  of  creating  a  series 
on  animals  subject  to  various  hypoxic  insults  but  supported  with  the  heart- 
lung  bypass.   These  animals  will  be  compared  to  the  similar  series  not  using 
the  heart-lung  bypass  equipment.   In  addition,  the  circulatory  response  to 
hypoxia  with  and  without  heart-lung  bypass  will  be  investigated. 

Honors  and  Awards:  None 

Publications:  None 
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Project  Description: 

Objectives :  To  investigate  the  effect  of  the  level  of  hypoxia  and  the 
duration  of  the  insult  on  the  neuropathological  and  physiological  response, 
with  particular  reference  to  the  interaction  between  circulatory  and  neuro- 
pathological states. 

Methods  Employed:  Juvenile  rhesus  monkeys  are  anesthetized.  An  airtight 
endotracheal  tube  is  inserted  in  the  trachea.  Via  controlled  respiration, 
the  animals  are  subjected  to  oxygen  mixtures  of  between  2%  to  5%  for  various 
time  periods  ranging  from  five  minutes  to  one  hour.  Peripheral  blood  pres- 
sure, left  ventricular  blood  pressure,  EKG,  EEC,  blood  gases,  acid-base 
status,  venous  pressures  are  monitored  continuously  throughout  the  experi- 
ments. Clinical  status  was  observed  carefully  after  the  insults.  After 
approximately  2  to  3  weeks,  animals  were  sacrificed,  and  brains  were  fixed 
for  neuropathologic  analysis. 

Major  Findings :   The  question  of  whether  a  particular  animal  will  survive 
is  apparently  dependent  upon  the  response  of  the  circulatory  system  to  the 
hypoxic  insult.  The  ability  of  the  heart  to  survive  through  an  insult 
period  appears  to  be  directly  related  to  the  level  of  the  hypoxia  and  the 
duration  of  the  insult.   Thus,  an  animal  subject  to  a  p02  of  12  mm  Hg  may 
survive  providing  the  insult  does  not  exceed  10  minutes.   An  animal  subject 
to  a  p02  of  25  mm  Hg  may  survive  providing  the  insult  does  not  exceed  ap- 
proximately one  hour.   A  particular  animal's  ability  to  survive  always  de- 
pended on  the  response  of  the  circulation  to  the  insult.   Animals  which  were 
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able  to  maintain  adequate  blood  pressure  after  the  insult  without  the  help  of 
vasoppressors  usually  did  well  while  the  others  did  not. 

Blood  gas  analysis  reveals  that  animals  remain  fairly  normal  with  regard 
to  pH  until  late  into  the  insults.  This  is  due  to  the  combined  effects  of 
a  metabolic  acidosis  and  a  respiratory  alkalosis  due  to  a  drop  in  the  forma- 
tion of  CO2.  Heart  rate  at  first  rises,  then  declines  as  the  insult  lasts 
longer.  Blood  pressure  responds  in  a  similar  manner,  first  rising,  then 
falling.   In  those  animals  who  survive,  blood  pressure  will  fall  to  levels 
of  35  to  50  mm  Hg  and  remain  stable  throughout  the  experiment.  With  the 
more  severe  insults,  blood  pressure  will  continue  to  fall  slowly  until 
levels  of  10  to  20  mm  Hg  are  reached  at  which  point  the  heart  is  prone  to 
fibrillate. 

Neuropathologic  analysis  is  under  way.  Preliminary  results  are  showing 
a  variety  of  lesions,  including  cortical  as  well  as  globus  pallidus.   No 
well-defined  pattern  of  neuropathology  has  as  yet  been  found,  but  analysis 
is  far  from  complete. 

Significance: 

1)  It  appears  that  the  ability  of  an  animal  to  survive  a  hypoxic  insult 
depends  on  the  response  of  the  circulation  to  this  insult  rather  than  the 
effect  on  the  CNS,  and  that  the  ability  of  an  animal  to  survive  can  be 
fairly  well  predicted  by  the  state  of  the  circulation  following  these 
insults. 

2)  These  experiments  demonstrate  a  well-defined  physiological  response 
to  profound  levels  of  hypoxia,  and  show  that  the  compensating  mechanism  can 
function  up  to  a  certain  point,  beyond  which  cardiovascular  collapse  will 
result.   This  point  is  determined  by  the  level  of  hypoxia  as  well  as  the 
duration  of  the  insult,  and  both  factors  seem  to  be  equally  important. 

3)  It  appears  that  hypoxia  is  capable  of  producing  a  wide  variety  of 
neuropatho logical  results,  and,  as  yet,  no  well-defined  pattern  has  emerged. 

4)  It  is  apparent  that  the  neuropathological  and  circulatory  patterns 
are  not  intimately  intertwined,  and  that,  in  order  to  study  the  former,  it 
may  be  necessary  to  control  circulation  by  means  of  a  heart-lung  machine, 
etc. 

Proposed  Course  of  Project;  This  study  is  in  progress  and  will  continue 
until  a  group  of  animals  for  each  level  of  hypoxia  and  each  time  period  of 
insult  is  studied.   Another  project  under  way  consists  of  similar  experi- 
ments, but  with  the  use  of  a  heart- lung  machine  to  control  circulatory 
factors. 

Honors  and  Awards :   None 

Publications:  None 
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To  study  the  molecular  control  mechanisms  of  differentiation,  it  is 
important  to  use  a  simple  cellular  system  in  which  large  quantities  of  cells 
can  be  obtained  in  the  same  developmental  state  and   for  which  developmental 
mutants  can  be  isolated  and  characterized  by  genetic  means.  For  this  reason, 
the  laboratory  concentrates  most  of  its  effort  on  the  differentiation  (spor- 
ulation)  of  bacteria;  it  examines  the  properties  of  higher  organisms  or 
tissue  culture  either  to  verify  the  generality  of  the  bacterial  findings  or 
to  examine  phenomena  that  cannot  be  studied  in  bacteria.  For  example,  the 
control  of  RNA  synthesis  has  been  thoroughly  studied  in  bacteria,  and  similar 
studies  are  under  way  in  fertilized  sea  urchin  eggs  and  tissue  cultures  of 
human  cells.  The  selection  of  mutants  has  long  been  examined  in  bacteria; 
similar  approaches  have  been  used  to  select  for  normal  cells  among  those  of 
homocystinuric  patients.   In  bacteria,  developmental  (cacogenic)  mutants 
have  been  isolated  and  biochemically  characterized  as  missing  citric  acid 
cycle  enzjnnes,  cytochromes,  enzymes  lacking  gluconeogenesis ,  etc.   For  some 
of  these  mutants  differentiation  has  been  restored  by  the  addition  of 
specific  compounds;  for  other  mutants,  suppressed  in  their  ability  to  dif- 
ferentiate because  they  accumulate  organic  phosphates,  the  removal  of  certain 
compounds  from  the  medium  restored  differentiation.   It  is  anticipated  that 
these  findings  will  suggest  special  diets  useful  for  certain  human  hereditary 
metabolic  diseases.  The  process  of  commitment  to  differentiate,  i.e.,  the 
irreversibility  of  development,  was  found  to  be  associated  with  changes  in 
cellular  transport.  Since  the  mechanisms  of  membrane  transport  are  just 
beginning  to  be  understood,  the  properties  of  amino  acid  transport  were 
studied  in  bacterial  membrane  vesicles,  and  its  inhibition  by  fatty  acids, 
which  affect  differentiation,  was  analyzed.  As  a  byproduct  of  this  work,  the 
mechanism  by  which  antimicrobial  food  additives  inhibit  microbial  growth  was 
uncovered.  These  compounds  are  acidic  lipids  which  inhibit  the  uptake  of 
compounds  into  membrane  vesicles  at  the  same  concentration  at  which  they 
inhibit  bacterial  growth.   Similar  transport  studies  on  different  types  of 
mammalian  cells  are  planned  to  uncover  the  effect  of  different  food  additives, 
to  determine  whether  the  virus  production  of  cells  by  membrane  budding  can  be 
inhibited,  and  to  obtain  selective  techniques  for  cell  growth.  The  analysis 
of  inhibitory  and  lethal  compounds  should  also  provide  insight  into  the 
teratogenic  action  of  compounds  (such  as  thalidomide)  whose  molecular  effect 
is  unknown.   Finally,  to  investigate  the  process  of  determination,  attempts 
are  under  way  to  isolate  the  functionally  inactive  X-chromosome  (Barr  body) 
of  human  cells  and  analyze  its  properties.   In  the  following,  last  year's 
results  are  described  in  more  detail. 
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1 .  Control  of  RMA  Synthesis  in  Bacteria  and  Sea  Urchins 

Although  only  a  very  small  fraction  of  the  DNA  in  any  cell  (e.g.,  0.3% 
in  bacteria)  is  transcribed  into  ribosomal  KNA  (rRNA),  this  RNA  comprises 
about  40%  of  all  RNA  synthesized  by  growing  cells.  When  cell  growth  of 
(stringent)  bacteria  is  stopped  by  any  condition,  e.g.,  deficiency  of  a  car- 
bon source  or  a  required  amino  acid,  rRNA  synthesis  ceases,  while  messenger 
!RNA  (mRNA)  synthesis  continues.   rRNA  synthesis  is  therefore  under  careful 
control  of  the  cell,  but  the  mechanism  of  this  control  has  still  not  been 
ur,covered.  Travers  had  claimed  to  have  found  a  factor  which  controls  rRNA 
synth^j^sis,  but  careful  experiments  in  this  laboratory  have  invalidated  this 
contention-  Two  new  factors  (Y, ,  Y2)  have  been  isolated  which  do  stimulate 
8NA  synthesis  in  vitro  and  do  that  only  when  a  natural  DNA  template  is  used. 
Bv.t   r<?nher  of  these  factors  specifically  enriches  rRNA  synthesis.  Other 
compounds  which  possibly  could  affect  rRNA  synthesis  are  cAMP,  cGMP,  or 
ppGpp.  In  pesrmeabillzed  cells  in  which  RNA  synthesis  depends  on  the  addition 
of  sJi  four  nacleotide  triphosphates,  the  first  two  compounds  did  not  change 
Che  S3ts=-  of  RNA  synthesis,  whereas  ppGpp  reduced  this  rate  by  about  40%. 
However,  again  no  preferential  inhibition  of  rRNA  synthesis  was  observed,  as 
verified  by  careful  hybridization  tests.  The  investigation  of  the  mechanism 
controlling  rRNA  synthesis  will  be  continued,  because  it  is  of  obvious  impor- 
trn-e  for  the  understanding  of  differentiation,  during  which  rRNA  is  also  no 
longer  made. 

For  the  biochemical  investigation  of  differentiation  in  higher  organisms, 
sea  urchin  eggs  are  particularly  useful,  because  they  can  be  obtained  in  large 
quantifies.  The  eggs  were  found  to  contain  a  large  amount  of  RNA  polymerase, 
of  which  more  than  95%  is  located  in  the  cytoplasm.  Following  fertilization, 
no  new  RNA  polymerase  is  made  up  to  the  400  cell  stage;  the  existing  polymer- 
ase is  distributed  over  the  dividing  cells,  and  more  than  95%  of  it  is  later 
found  in  the  cell  nuclei.   The  mechanism  by  which  RNA  polymerase  is  seques- 
tered into  nuclei  is  unknown.  This  mechanism,  as  well  as  the  control  of  rRNA 
synthesis  in  sea  urchin  eggs,  is  under  investigation. 

2,  Genetic  and  Biochemical  Investigation  of  the  Suppression 
of  Differentiation 

I'^lle  cells  grow  they  do  not  undergo  functional  differentiation,  i.e., 
the  process  of  differentiation  requiring  the  synthesis  of  specific  enzymes  is 
suppressed.  For  the  sporulation  in  bacilli,  suppression  is  maintained  as 
lung  as  rapidly  metabolizable  carbon  and  nitrogen  sources  are  present.  In 
order  to  locate  the  possible  suppressor (s)  on  the  biochemical  chart,  mutants 
have  been  isolated  which  subdivide  the  metabolic  pathways  into  separate 
isolated  subdivisions.   For  example,  a  mutant  lacking  phosphoglycerate  kinase 
cuts  the  Embden-Meyerhof  path  and  all  carbon  metabolism  into  an  upper  and  a 
lower  subdivision.  To  our  surprise,  both  compounds  entering  the  upper  sub- 
division, such  as  glucose  or  glycerol,  and  compounds  entering  the  lower 
subdivision,  such  as  malate,  were  separately  able  to  suppress  sporulation. 
For  compounds  in  the  lower  subdivision  the  investigation  was  complicated  by 
cell  lysis  and  had  to  be  done  in  combination  with  electron  microscopy.  The 
presence  of  a  suppressor  of  sporulation  in  the  lower  metabolic  subdivision 
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follows  also  from  the  fact  that  citric  acid  cycle  mutants  do  not  sporulate 
even  if  substrates  which  restore  the  synthesis  of  ATP  are  added.   In  the 
upper  subdivision  two  other  compounds  were  isolated  by  mutation.  One  was 
identified  by  a  triple  mutant  which  lacks  phosphoglucose  isomerase,  phospho- 
gluco-mutase,  and  glucose-6-phosphate  dehydrogenase  activity.  In  this  mutant 
glucose  can  only  be  metabolized  to  glucose-6-phosphate,  which  accumulates  in 
the  cell  and  is  later  excreted  into  the  medium.  Whereas  this  mutant  can 
sporulate  in  the  absence  of  glucose,  small  concentrations  of  glucose  suppress 
sporulation  almost  completely.   It  is  clear  that  glucose-6-phosphate  must  be 
responsible  for  the  suppression  of  sporulation,  because  a  mutant  lacking 
glucose  uptake  can  sporulate  well  in  the  presence  of  glucose.  The  further 
investigation  of  the  mechanism  by  which  glucose-6-phosphate  suppresses  spor- 
ulation is  of  interest  also  for  higher  organisms,  because  the  accumulation  of 
organic  phosphates  interferes  with  differentiation  and  is  responsible  for 
some  hereditary  diseases. 

In  another  mutant  sporulation  is  suppressed  when  the  medium  contains 
glycerol;  it  is  blocked  in  glycerol-phosphate  dehydrogenase  (NAD  independent), 
which  converts  glycerol-phosphate  to  dihydroxyacetone-phosphate  and  is  neces- 
sary for  the  catabolism  of  glycerol.   In  this  mutant  both  glycerol-phosphate 
and,  induced  by  it,  glycerol  kinase  accumulate.   Instead  of  a  prespore  septum, 
containing  no  or  little  murein,  the  cells  are  sequentially  subdivided  by 
several  cell  walls  containing  septa  so  that  several  subcells  form  (some  of 
which  contain  no  DNA) .   Apparently,  the  acctnnulation  of  glycerol-phosphate 
inhibits  growth  before  the  cell  wall  precursors  are  sufficiently  exhausted; 
instead  of  the  pliable  septa  typical  for  sporulation,  stiff  septa  are  formed 
which  cannot  grow  further  around  the  small  (presumptive  prespore)  cell  com- 
partment.  Surprisingly,  sporulation  can  be  restored  by  the  addition  of 
malate  to  the  medium.  This  addition  prevents  the  accumulation  of  glycerol- 
phosphate  and  of  glycerol  kinase.  Several  mutants  are  now  being  utilized  to 
determine  which  metabolic  intermediate  represses  glycerol  kinase.   These 
results  show  that  developmental  defects  of  mutants  in  which  internal  phos- 
phates accumulate  can  be  avoided  not  only  by  the  subtraction  of  certain 
compounds  from  the  medium  but  also  by  the  addition  of  other  compounds . 

3.   Biochemical  Deficiency  of  Several  Developmental 
(Cacogenic)  Mutants 

Apart  from  mutants  that  lack  citric  acid  cycle  enzymes  and  have  been 
described  previously,  several  cacogenic  mutants,  unable  to  sporulate  normally, 
lack  either  cytochrome  a   or  both  cytochromes  a^  and  c^.  Whereas  these  mutants 
can  grow  in  a  rich  medium,  their  growth  is  terminated  early  and  they  are 
unable  to  sporulate.   In  the  electron  microscope  one  can  see  that  these 
mutants  continue  to  accumulate  large  amounts  of  membranes  after  growth  has 
stopped.   Apparently  the  mesosomes  can  continue  to  enlarge  their  membrane 
surfaces,  while  the  cytoplasm  no  longer  expands. 

When  Bacillus  subtilis  is  grown  in  the  presence  of  hexoses,  all  glyco- 
lytic enzymes  form  a  high  specific  activity.  However,  pyruvate  kinase  is  a 
very  labile  enzyme  whose  stability  depends  on  the  presence  of  phosphoenol- 
pyruvate  (PEP)  and  potassium  ions.   At  the  end  of  exponential  growth  this 
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enzyme  starts  to  decay,  because  glycolysis  is  no  longer  required  for  the  cell. 
At  this  time  gluconeogenesis  becomes  important  for  the  regeneration  of  gluco- 
samine and  its  derivative  mucopeptides  needed  for  cell  wall  and  spore  cortex 
synthesis.   Consequently,  PEP-carboxykinase  (actually  a  misnomer,  because  it 
functions  in  cells  only  in  the  opposite  direction)  becomes  derepressed  and 
starts  to  metabolize  oxaloacetate  into  PEP.  A  mutant  lacking  this  enzyme 
activity  is  unable  to  sporulate;  attempts  are  under  way  to  determine  how  this 
developmental  deficiency  can  be  cured. 

4.  Mechanism  and  Inhibition  of  Membrane  Transport 

The  isolation  of  membrane  vesicles  from  bacteria  makes  it  possible  to 
study  the  transport  of  compounds  such  as  amino  acids  in  dependence  of 
externally  added  energy  sources.  While  Kaback  found  D-lactate  to  be  the 
physiological  electron  donor  in  E.  coli,  the  amino  acid  transport  of  B. 
subtilis  can  be  energized  by  NADH  or  glycerol-phosphate,  but  the  latter  only 
If  the  cells  from  which  the  membranes  were  isolated  had  been  grown  in  the 
presence  of  glycerol.  A  particularly  useful  artificial  electron  donor  is 
reduced  phenazine  methosulfate  (continuously  reduced  by  ascorbate) ,  because 
it  can  energize  amino  acid  transport  even  in  the  membranes  of  cells  for  which 
no  natural  substrate  has  so  far  been  found.  The  transport  is  inhibited  by 
the  usual  inhibitors  of  the  electron  transport  chain,  such  as  cyanide,  azide, 
HOQNO,  antimycin,  and  amytal.  Thus,  a  completely  functioning  electron  trans- 
port system  apparently  is  needed  to  activate  transport.  However,  two  lines 
of  evidence  indicate  that  the  carrier  for  transport  is  located  on  a  side 
branch  of  the  electron  transport  system.  Per  molecule  oxidized,  glycerol- 
phosphate  is  much  more  efficient  to  energize  amino  acid  transport  than  is 
NADH.  Furthermore,  rotenone  inhibits  the  oxidation  of  both  glycerol-phosphate 
and  NADH  more  efficiently  than  the  amino  acid  transport.  The  kinetic  con- 
stants of  the  transport  of  different  amino  acids  were  determined,  and  in 
competition  experiments  it  was  shown  that  structurally  related  amino  acids 
such  as  glutamate  and  aspartate,  or  leucine,  isoleucine,  and  valine,  or 
certain  other  combinations  are  each  transported  by  the  same  carrier  system, 
but  there  are  at  least  nine  different  carriers. 

5.  Inhibition  of  Growth  and  Membrane  Transport  by  Fatty  Acids 
and  Antimicrobial  Food  Additives 

Fatty  acids  inhibit  the  growth  of  B.  subtilis,  its  oxygen  consumption, 
and  ATP  production.  The  fatty  acid  concentration  required  to  exert  complete 
inhibition  is  the  smaller  the  longer  the  aliphatic  chain.  Antimicrobial  food 
additives  are  also  fatty  acids,  such  as  propionate  or  sorbate,  or  they  con- 
tain aliphatic  side  chains  esterified  to  parahydroxybenzoic  acid  (parabens) . 
All  these  compounds  also  inhibit  the  growth  of  B.  subtilis.  Various  exper- 
iments on  the  effect  of  fatty  acids  on  cells,  including  uptake  experiments  of 
metabolizable  and  nonmetabolizable  (or-amlnoisobutyric  acid)  amino  acids, 
indicated  that  these  compounds  might  inhibit  the  molecular  transport  through 
cell  membranes.  This  was  verified  for  amino  acid  transport  in  isolated  mem- 
brane vesicles;  a  complete  correlation  between  the  inhibition  of  growth  and 
that  of  amino  acid  transport  was  obtained.  It  is  concluded  that  antimicro- 
bial food  additives  inhibit  microbial  growth  by  uncoupling  the  transport  of 
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amino  acids  and  other  molecules  from  the  electron  transport  system  which 
provides  the  energy  of  transport,  either  by  direct  reduction  of  the  carrier 
or  via  the  flow  of  cations.  The  acidic  lipids  may  shuttle  cations  in  and  out 
of  the  cell  and  thus  destroy  the  membrane  potential.  The  mechanism  of  this 
phenomenon  will  be  examined  in  microorganisms,  tissue  cultures,  and  nerve 
cells . 

Whereas  B.  subtilis  can  be  inhibited  by  all  fatty  acids,  other  bacteria 
are  not  inhibited  by  some  fatty  acids.   For  example,  E.  coli  is  not  inhibited 
by  long-chain  fatty  acids  (with  chain  length  longer  than  ten) ;  these  com- 
pounds can  be  converted  to  the  acyl~CoA  derivative  and  degraded  to  acetyl-CoA; 
acetyl  CoA  can  then  be  used  as  carbon  source  for  AIF  regeneration  or  growth, 
or  free  acetate  can  be  released  into  the  medium.   B.  subtilis,  in  contrast, 
cannot  metabolize  the  long-chain  fatty  acids.  Experiments  are  under  way  to 
show  that  the  different  inhibitory  response  of  different  bacteria  is  due  to 
their  ability  to  metabolize  the  fatty  acids  and  to  uncover  the  detailed 
mechanism  by  which  acidic  lipids  inhibit  transport.   By  comparing  these 
results  with  the  inhibition  of  human  cells,  it  should  be  possible  to  identify 
ideal  antimicrobial  food  additives  and  to  eliminate  the  mutagenic  nitrites 
from  the  list  of  frequently  used  additives.   Studies  on  the  inhibition  of 
growth  and  differentiation  of  cells  should  also  provide  the  means  to  identify 
potentially  teratogenic  compounds  instead  of  having  to  examine  all  compounds 
in  large  numbers  of  pregnant  animals. 

6.  Approaches  to  Gene  Therapy  in  Human  Cells 

Last  year  it  was  proposed  that  the  methods  are  now  available  to  investi- 
gate the  possibility  of  curing  or  alleviating  human  hereditary  diseases  that 
are  not  amenable  to  treatment  by  special  diets.  Although  no  new  positions 
were  available  for  such  work,  a  small  investigation  was  begun.   First  it  was 
attempted  to  uncover  a  selective  technique  that  would  allow  normal  cells  to 
grow  faster  than  cells  carrying  some  frequent  metabolic  disease.  Such  a 
selection  technique  would  be  the  prerequisite  to  obtain  genetically  trans- 
formed or  reverted  cells.  While  no  selection  appeared  feasible  against 
phenylketonuric  cells,  cells  of  homocystinuric  patients  might  be  selected 
against  on  media  containing  homocystine  and  no  or  limiting  amounts  of  cystine. 
Unfortunately,  no  simple  selection  technique  was  found,  because  cystine  is 
required  for  the  growth  of  all  cells.  A  more  thorough  investigation  would 
have  required  so  much  work  on  the  properties  of  the  diseased  cells  and  their 
deficient  enzymes  that  the  means  of  the  laboratory  were  not  sufficient  to 
continue  this  effort. 

Another  problem  encountered  in  gene  therapy  is  the  fact  that  human  cells 
carry  an  amount  of  DNA  that  could  code  for  about  10  million  genes .  To  trans- 
form a  specific  gene,  methods  have  to  be  found  by  which  specific  DNA  pieces 
can  be  isolated.  One  such  approach  is  to  purify  that  X-chromosome  which  is 
inactive  in  females  and  is  during  certain  stages  of  cell  growth  coiled  up 
into  a  small  body  (Barr  body) .  Attempts  to  isolate  this  X-chromosome  by 
careful  lysis  of  the  cellular  and  nuclear  membrane  and  subsequent  density 
gradient  sedimentation  are  under  way. 
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If  the  present  cuts  in  positions  will  continue,  further  investigations 
on  gene  therapy, will  not  be  feasible,  because  they  require  a  certain  mini- 
mxsm   of  highly  qualified  scientists. 
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Project  Description: 

Objectives:  The  nucleic  acid  content  of  cells  is  subject  to  control  by 
several  regulatory  mechanisms.  The  sjmthesis  of  certain  species  of  messenger 
RNA  is  elicited  by  the  presence  or  absence  of  specific  metabolites  in  the 
cell  milieu.  The  accumulation  of  ribosomal  RNA,  however,  does  not  respond  to 
the  availability  of  specific  nutrients  but  responds,  rather,  to  the  fitness 
of  the  medium  for  growth  and  the  growth  rate  of  the  cell.  Transfer  RNA,  on 
the  other  hand,  responds  neither  to  specific  nutrients  nor  to  the  growth  rate 
but  is  constant  under  most  conditions  of  growth.   The  details  of  the  mechan- 
isms underlying  these  observations  are  at  present  obscure  and  are  the  subject 
of  this  project.  We  have  concentrated  on  three  aspects  of  these  control 
mechanisms :  1)  Control  of  ribosomal  RNA  synthesis  in  growing  and  nongrowing 
microbial  cells.   2)  The  cell-free  transcription  of  ribosomal  RNA.   3)   Con- 
trol of  ribosomal  RNA  during  early  embryogenesis. 

Methods  Employed:  Standard  biochemical  techniques  are  employed  for  the 
purification  of  RNA,  DNA  and  enzymes.  Analysis  of  complex  mixtures  of  RNA 
are  performed  by  chromatography  on  Sephadex  G-lOO  or  methylated  albumin  or 
polyacrylamide  gel  electrophoresis.  Messenger  RNA  is  estimated  by  molecular 
hybridization  with  homologous  IftJA.  The  rates  of  synthesis  of  individual  RNA 
species  are  determined  from  the  kinetics  of  incorporation  of  radioactive  pre- 
cursors into  the  species . 
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Major  Findings:  Previous  work  demonstrated  that  approximately  40%  of 
the  RNA  synthesized  during  normal  growth  of  a  microorganism  is  ribosomal  RNA, 
although  the  genes  specifying  this  PNA  comprise  only  0.3%  of  the  total  genome. 
Under  at  least  two  adverse  culture  conditions,  amino  acid  deprivation  and 
stepdown  transition  from  rich  to  poor  media,  microorganisms  preferentially 
curtail  ribosomal  RNA  synthesis,  while  allowing  messenger  RNA  synthesis  to 
continue  only  slightly  abated.  These  results  indicate  that  ribosomal  RNA 
synthesis  is  regulated  independently  of  total  RNA  synthesis  and  can  be 
adjusted  to  fit  the  needs  of  the  cell.  The  striking  correlation  between  the 
preferential  and  cessation  of  RNA  synthesis  and  the  appearance  in  the  cell 
cytoplasm  of  guanosine  tetraphosphate,  ppGpp,  has  prompted  the  speculation 
that  the  guanosine  tetraphosphate  is  a  specific  inhibitor  of  ribosomal  RNA 
synthesis.  A  direct  in  vitro  test  of  this  hypothesis  has  not  been  forth- 
coming, since  purified  RNA  pol3nnerase  synthesizes  very  little  ribosomal  RNA 
on  a  purified  DNA  template.  Recently,  Travers  reported  that  a  protein  factor 
called  psi  was  required  in  addition  to  RNA  polymerase  for  the  active  tran- 
scription of  ribosomal  RNA  genes.  The  activity  of  this  psi  factor  was 
reported  to  be  specifically  inhibited  by  the  guanosine  tetraphosphate,  ppGpp. 

1.  Cell-free  studies  of  rRNA  synthesis.  Prompted  by  reports  from  other 
laboratories,  we  have  attempted  to  define  conditions  for  the  cell-free  syn- 
thesis of  ribosomal  RNA,  using  a  purified  RNA  polymerase  and  E^.  coli  DNA.   In 
the  course  of  this  work  we  have  identified  and  purified  two  new  factors  which 
stimulate  the  transcription  of  DNA  by  RNA  polymerase.   Although  these  two 
factors,  Y,  and  Y2,  stimulate  the  holo  RNA  polymerase  two-  and  fourfold 
respectively,  they  are  inactive  with  the  core  RNA  polymerase.  Furthermore, 
stimulation  has  only  been  observed  when  a  natural  DNA  template  is  employed. 
Although  the  RNA  polymerase  actively  transcribes  synthetic  polymers,  such  as 
poly(dA-dT) ,  this  activity  is  not  stimulated  by  either  of  the  two  factors. 
We  have  tentatively  concluded  from  this  specificity  that  stimulation  is  only 
observed  when  a  natural  RNA  chain  initiation  can  be  engendered.   Consequently, 
we  believe  that  the  Y-^   and  Y2  factors  stimulate  the  rate  of  chain  initiation 
rather  than  the  rate  of  chain  propagation.  A  sensitive  hybridization- 
competition  analysis  of  the  RNA  synthesized  on  E^.  coli  DNA  templates  has 
revealed  no  significant  enrichment  in  ribosomal  RNA  sequences  compared  to  the 
unstimulated  control.   Consequently,  neither  the  Y^   nor  Y2  factor  is  identical 
to  the  psij.  factor  reported  by  other  laboratories. 

Many  different  conditions  of  cell  lysis  and  fractionation  were  employed 
in  an  attempt  to  find  a  protein  fraction  which  would  specifically  stimulate 
purified  RNA  polymerase  to  synthesize  ribosomal  RNA.   All  such  attempts  in  our 
laboratory  have  been  unsuccessful  and  no  evidence  for  a  psi  protein  have  been 
obtained. 

Recently,  we  have  successfully  demonstrated  the  synthesis  of  ribosomal 
PNA  in  vitro.  This  demonstration  employed  a  crude  lysate  of  E^.  coli  which 
served  as  a  source  of  template  DNA  as  well  as  RNA  polymerase.   At  present  it 
is  not  clear  whether  the  difference  between  the  purified  RNA  polymerase  DNA 
template  system  and  crude  lysate  lies  in  altered  RNA  polymerase,  DNA  template, 
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or  the  presence  of  a  factor(s)  required  for  active  rENA  S3mthesis.  Nonethe- 
less, the  synthesis  of  ribosomal  BNA  by  this  crude  system  was  not  sensitive 
to  the  presence  of  0.4  mM  ppGpp,  a  concentration  much  higher  than  that  found 
in  the  intact  cell. 

2.  Ribosomal  MA  synthesis  in  permeabilized  cells.  In  order  to  further 
define  the  parameters  affecting  the  synthesis  of  ribosomal  SNA,  we  have 
undertaken  the  study  of  rKNA  synthesis  in  permeabilized  cells.  E^.  coli  can 
be  made  permeable  to  nucleoside  triphosphates  by  abruptly  changing  the  tem- 
perature of  the  suspension  from  room  temperature  to  0**  C,  or  by  treating  them 
with  1  mM  EDTA  or  by  a  combination  of  both  treatments.  Cells  so  permeabilized 
sjmthesize  MA  at  approximately  30-50%  the  rate  of  the  intact  growing  cell. 

Of  the  MA  synthesized  approximately  40%  is  ribosomal  MA.  Furthermore, 
greater  than  70%  of  the  cells  retain  viability  after  cold  shocking  or  EDTA 
treatment.  Consequently ,  these  permeabilized  cells  resemble  normal  growing 
E^.  coli  cells  in  almost  every  respect.  Using  these  permeabilized  cells,  we 
have  examined  the  response  of  rMA  synthesis  to  a  number  of  parameters  which 
are  known  to  affect  the  in  vitro  synthesis  of  MA.  These  included  the  effect 
of  ionic  strength,  concentration  of  the  nucleoside  triphosphates,  temperature, 
and  divalent  cation  concentration.  Over  the  ranges  studied,  the  S3rnthesis  of 
rMA  behaved  similarly  to  total  MA  S3rnthesi8  and  the  relative  proportion  of 
rMA  synthesized  changed  little  with  varying  conditions.  We  have  also 
employed  the  system  in  an  attempt  to  establish  whether  cyclic  AMP,  cyclic  Off, 
or  the  guanosine  tetraphosphate,  ppGpp,  significantly  affected  the  synthesis 
of  rMA.  Both  cyclic  nucleotides  were  found  to  be  completely  without  effect, 
either  on  total  MA  synthesis  or  the  proportion  of  rMA.  The  guanosine  tetra- 
phosphate, however,  was  found  to  reduce  the  total  MA  synthesized  by  the 
permeabilized  cells  by  40%.  However,  of  the  MA  synthesized,  approximately 
40%  was  rMA,  the  same  proportion  as  found  in  the  uninhibited  control.  Con- 
sequently, we  conclude  that  ppGpp  does  not  specifically  interfere  with  the 
synthesis  of  rMA  in  permeabilized  cells. 

3.  Regulation  of  MA  synthesis  during  embryo  genes  is.  The  MA  polymerase 
of  sea  urchin  egg  has  been  resolved  into  three  components  by  DEAE  chromatog- 
raphy and  shown  to  be  virtually  identical  with  the  enzyme  isolated  from  the 
nuclei  of  blastula  or  gastrula  stage  embryos.  Our  initial  studies  indicated 
that  the  enzyme  in  the  unfertilized  egg  was  localized  in  the  cytoplasm  rather 
than  the  nucleus.  These  results  were  in  sharp  distinction  to  those  obtained 
with  the  embryos  in  which  greater  than  90%  of  the  enzyme  could  be  localized  in 
the  nuclei.  A  detailed  analysis  of  this  phenomenon  has  revealed  that  the 
unfertilized  egg  contains  the  same  amount  of  MA  polymerase  as  is  found  in  the 
swimming  blastula  embryo,  although  the  latter  contains  as  many  as  400  cells. 
Furthermore,  we  have  unequivocally  demonstrated  that  the  MA  polymerase  in 
the  unfertilized  egg  is  cytoplasmic  rather  than  nuclear.  This  was  accom- 
plished by  isolating  nuclei  from  unfertilized  eggs  and  demonstrating  that  they 
contained  less  than  2%  of  the  activity  found  in  the  whole  egg,  while  the 
cytoplasm  contained  greater  than  95%  of  the  activity.  Appropriate  mixing 
experiments  indicated  that  the  lack  of  activity  in  the  nucleus  could  not  be 
attributed  to  the  presence  of  an  inhibitor  there.  Entirely  similar  results 
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were  obtained  using  anucleate  and  nucleated  halves  of  fertilized  eggs.  These 
were  generated  in  sucrose  gradients  by  centrifugal  force  and  separated  by 
buoyant  density  centrifugation.   Extracts  of  the  anucleate  and  nucleated 
halves  had  the  same  specific  activity  of  PNA  polymerase,  indicating  no 
preferential  compartmentalization  in  the  nucleus.   In  these  experiments 
the  nucleus  was  never  removed  from  its  natural  environment ,  thus  minimizing 
£iny  artif actual  leakage  of  the  RNA  polymerase  from  the  nucleus.   From  these 
results  we  conclude  that  during  the  course  of  early  embryonic  development, 
there  is  no  net  synthesis  of  KNA  poljmierase  but  that  the  enzyme  is  actively 
sequestered  from  the  cytoplasm  into  the  nucleus.  This  process  appears  to  be 
complete  by  the  swimming  bias tula  stage. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
Controls  of  nucleic  acid  synthesis  in  bacterial  systems  represent  examples 
of  regulatory  mechanisms  which  are  more  amenable  to  experimental  investiga- 
tion than  those  of  the  more  slowly-growing  mammalian  systems.   It  is 
anticipated  that  information  obtained  from  these  simpler  systems  will  help 
form  a  basis  upon  which  an  investigation  of  the  more  complex  regulatory 
mechanisms  of  higher  organisms  can  be  built  and  eventually  an  understanding 
and  control  of  disease  in  these  systems  can  be  obtained. 

Proposed  Course  of  Project:   1.   To  investigate  further  the  cell-free 
synthesis  of  ribosomal  RNA.   These  studies  should  include  an  analysis  of 
whether  the  regulation  is  by  positive  or  negative  control.   2.  To  select  for 
and  obtain  mutants  which  are  specifically  defective  in  their  regulation  of 
ribosomal  RNA.   These  should  include  mutants  which  are  unable  to  synthesize 
ribosomal  RNA  at  a  restrictive  temperature,  although  mRNA  and  protein  syn- 
thesis continues.   3.   To  investigate  the  nature  of  the  three  separable  RNA 
polymerases  found  in  sea  urchin  eggs  and  embryos  and  to  investigate  the 
synthesis  of  rRNA  during  the  course  of  embryonic  development. 

Honors  and  Awards:  Principal  investigator  is  invited  participant  in  Gordon 

Research  Conference  on  Regulation,  July  1972. 

iPublications:  None 
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Project  Description 

Objectives:   The  transitions  from  growing  into  differentiating  cells  and 
from  resting  into  growing  cells  are  subject  to  similar  control  mechanisms  in 
micro-  and  macroorganisms.  In  both  cases  the  biochemical  reactions  required 
for  these  transitions  are  not  knoun,  but  significant  advances  have  recently 
been  made  in  sporulating  microorganisms,  owing  to  the  use  of  mutants  blocked 
in  differentiation  and  the  characterization  of  the  enzymes  involved.  Our 
project  has  been  concerned  for  Bacillus  subtilis  with  the  suppression  and 
commitment  of  sporulation,  the  involvement  of  gluconeogenesis ,  and  the 
control  of  germination.  B.  subtilis  has  the  advantage  that  developmental 
(cacogenic)  biochemical  (atjzotrophic)  mutants  can  be  easily  isolated  and 
larger  quantities  of  cells  at  the  same  stage  of  development  can  be  obtained 
for  biochemical  analysis. 

Methods  Employed:  Mutants  deficient  in  the  enzymes  of  the  Embden-Meyer- 
hof  path  or  in  other  specific  enzymes  were  isolated  by  mutagenizing  cells 
with  ethylmethanesulf onate ,  selecting  mutants  with  staphcillin,  and  identi- 
fying them  either  by  replica  plating  or  by  resistance  to  phage  SP8.  The 
production  of  spores  was  measured  by  the  formation  of  heat-resistant  particles 
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and  bacteriophage  SP8  was  purified  on  cesium  chloride  gradients.  Germination 
was  measured  by  the  decrease  in  the  absorbancy  at  625  um.  A  new  assay  method 
was  developed  for  the  determination  of  PEP-carboxykinase  in  which  the  termin- 
al ^2p  of  (Y-32p)^-fP  j^g  transformed  to  oxaloacetate;  the  reaction  is  stopped 
by  HCIO^,  the  product  PEP  is  cleaved  by  HgCl2,  the  ATP  removed  by  charcoal 
absorption,  and  the  remaining  ^^P:  is  counted. 

Major  Findings;   1.  Growth  inhibition  and  lysis  of  mutants  blocked  in 
the  Embden-Meyerhof  and  pentose  paths.  Whereas  single  mutants  lacking 
phosphoglucose  isomerase  or  glucose-6-phosphate  dehydrogenase  grew  normally 
in  the  presence  of  glucose,  a  double  mutant  lacking  both  of  these  enzyme 
activities  was  unable  to  grow  on  glucose  and  accumulated  in  the  presence  of 
glucose  (or  galactose),  glucose-6-phosphate ,  and  other  phosphorylated  inter- 
mediates in  the  Leloir  or  galactose  pathways.  Such  a  double  mutant  grew  only 
to  low  absorbancy  and  then  lysed.  When  a  third  mutation  was  induced  in 
phosphoglucomutase,  by  means  of  phage  resistance,  this  lysis  did  not  occur, 
in  spite  of  the  accumulation  of  glucose-6-phosphate.  The  cell  lysis  appar- 
ently was  caused  by  the  accumulation  of  some  compound  in  the  Leloir  or 
galactose  pathways.   Further  mutants  have  been  isolated  in  this  metabolic 
region  and  the  identity  of  the  compound  causing  cell  lysis  is  presently  being 
ascertained.  The  inhibitor  and  lysis-producing  properties  of  these  mutants 
is  being  investigated  not  only  because  glucose  or  galactose  prevents  sporu- 
lation  but  also  because  several  hereditary  metabolic  diseases  are  known  in 
humans  (galactocemia,  glucose  isomerase  deficiency,  glucose-6-phosphate 
dehydrogenase  deficiency)  in  which  phosphorylated  intermediates  accumulate 
and  produce  abnormal  development  or  disease  symptoms.  Although  the  inter- 
ference of  phosphorylated  intermediates  with  growth  or  development  has  been 
well  established,  it  is  not  known  which  enzymatic  reactions  are  affected.  We 
aim  to  unravel  the  cause  of  this  inhibition  and  to  determine  how  it  can  be 
circumvented  by  the  addition  of  other  compounds. 

2.  Suppression  of  sporulation.  When  bacilli  are  grown  in  a  nutrient 
sporulation  medium  containing  excess  glucose  or  other  rapidly  metabolizable 
carbon  sources,  the  sporulation  process  remains  permanently  suppressed.   In 
order  to  locate  the  potential  suppressor  on  the  metabolic  chart,  mutants  have 
been  isolated  which  subdivide  the  carbon  pathways  into  separate  subdivisions. 
A  particular  mutant  lacking  phosphoglycerate  kinase  cuts  the  metabolic  chart 
into  an  upper  and  a  lower  subdivision.  To  our  surprise,  compounds  entering 
the  upper  subdivision,  such  as  glucose  or  glycerol,  as  well  as  compounds 
entering  the  lower  subdivision,  such  as  malate,  were  each  able  to  suppress 
sporulation.  To  establish  this  phenomenon  with  malate  it  was  necessary  to 
follow  the  cells  in  the  electron  microscope  and  to  avoid  cell  lysis  (caused 
by  glucosamine  deficiency)  by  continuous  addition  of  glycerol  or  gluconate. 
Having  established  the  existence  of  at  least  two  suppressors  of  sporulation, 
other  metabolites  were  isolated  by  mutations  in  the  upper  subdivision.   In 
particular,  the  complete  isolation  of  glucose-6-phosphate  by  the  triple 
mutant  described  under  1.  showed  that  the  accumulation  of  this  compound  alone 
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is  sufficient  to  suppress  sporulation.  Another  mutant  lacking  phosphofructo- 
kinase  activity  was  used  to  eliminate  a  misconception  that  has  crept  into  the 
literature.  Since  this  enzyme  is  controlled  in  many  organisms  either  by  ATP, 
ADP,  or  by  PEP,  it  had  been  assumed  that  it  is  critical  in  the  control  of 
differentiation.  Although  the  enz3me  is  undoubtedly  very  important,  the 
regulation  of  glycolysis  versus  gluconeogenesis,  our  mutant  can  sporulate 
normally,  which  shows  that  at  least  for  this  kind  of  differentiation,  the 
enzyme  has  only  marginal  significance.  Attempts  are  now  under  way  to  iden- 
tify the  compounds  that  suppress  sporulation  and  to  unravel  the  mechanism  of 
their  action. 

3.  Characterization  of  enzymes  involved  in  the  metabolism  of  pyruvate 
or  phosphoenolpyruvate.  The  enz3niies  converting  phosphoenolpyruvate  and 
pyruvate  into  compounds  of  the  citric  acid  cycle,  fatty  acids,  or  bjrproducts, 
as  well  as  the  gluconeogenic  enzjrmes  are  essential  for  the  control  of  differ- 
entiation. Whereas  during  growth  external  metabolites  can  be  utilized  and 
glycolysis  or  similar  reactions  are  the  major  sources  of  energy,  no  rapidly 
metabolizable  carbon  sources  are  available  during  differentiation,  and  both 
energy  and  substrates  have  to  be  produced  from  previously  accumulated  com- 
pounds. The  production  of  cell  wall  components  in  particular  apparently 
requires  the  function  of  a  gluconeogenic  system.  Several  interesting  control 
mechanisms  have  been  found  for  the  involved  enz3nnes.  Pyruvate  kinase  is 
extremely  labile  but  can  be  protected  by  high  concentrations  of  both  potas- 
sium and  PEP.  Since  PEP  is  produced  during  differentiation  only  at  small 
concentrations  and  since  the  transport  of  potassium  is  reduced,  the  enz3me 
activity  and  therefore  the  potentially  too  rapid  utilization  of  PEP  is 
greatly  reduced  at  that  time. 

During  growth  in  glucose,  pyruvate  is  converted  to  acetoin  and  butane- 
diol,  both  of  which  can  be  reutilized  during  later  sporulation.  The 
production  of  these  compounds  and  their  corresponding  enz3rme8  is  induced  by 
the  presence  of  acetate  in  the  medium.  Whereas  the  corresponding  enzymes 
are  present  or  induced  during  exponential  growth,  the  PEP  carboxykinase , 
actually  a  misnomer,  because  its  major  role  is  to  convert  oxaloacetate  into 
PEP,  appears  only  toward  the  end  of  growth,  because  it  is  repressed  by  glu- 
cose. A  mutant  lacking  the  activity  for  this  enzyme  has  been  isolated  and 
was  found  to  be  greatly  deficient  in  sporulation.  This  shows  the  importance 
of  the  enzjnne  for  gluconeogenesis  or  rather  the  formation  of  glucosamine, 
which  is  a  precursor  of  the  mucopeptide  required  for  spore  cortex  S3mthesis. 

A .  Biochemical  reactions  involved  in  the  germination  of  spores.  The 
germination  of  spores  made  by  bacilli  can  be  initiated  not  only  by  alanine 
but  also  by  a  combination  of  glucose,  fructose,  and  asparagine.  This  obser- 
vation indicated  that  alanine  can  serve  several  biochemical  roles  at  the 
same  time.  These  roles  have  been  identified  by  the  use  of  mutants  blocked 
in  fructose-6-phosphate  kinase,  fructose- 1-phosphate  kinase,  phosphoglucose 
isomerase,  and  phosphoglycerate  kinase.  In  addition  it  was  shown  that  2- 
deoxyglucose  can  replace  glucose  in  initiating  germination,  while  it  cannot 


13  p 


Serial  No.  NDS(I)-65  LMB/DB  12A4 


be  metabolized  to  any  other  phosphorylated  intermediate  except  deoxyglucose- 
6-phosphate.   Therefore,  glucose  apparently  helps  to  initiate  germination  by 
the  reoxidation  of  NADH  via  glucose  dehydrogenase,  an  enzyme  which  is  specif- 
ically made  toward  the  end  of  the  developmental  period.   Fructose  gives  rise 
to  fructose-6-phosphate,  which  in  turn  reacts  with  asparagine  to  form  some 
so  far  unidentified  compound  that  is  necessary  for  the  initiation  of  germina- 
tion.  Our  results  have  greatly  changed  the  previous  concept  that  spores 
contain  only  few  enzymes  needed  for  germination.   In  reality,  it  is  now  clear 
that  many  such  enzymes  are  present  and  different  germination  compounds  can 
produce  the  same  end  products.   Spores  of  different  bacteria  differ  in  their 
germination  response,  owing  to  genetic  differences  in  their  enzymatic  makeup 
and  even  within  a  given  species  spores  differ  due  to  fluctuations  in  the 
survival  of  enzymes  present  only  in  small  numbers. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
Many  of  the  mutants  examined  in  this  v/ork  are  defective  in  enzymes  that  are 
also  lacking  in  human  hereditary  diseases.   The  problems  encountered  in  spor- 
ulation  can  be  compared  with  those  observed  in  differentiation,  whereas  those 
encountered  in  spore  germination  are  similar  to  egg  fertilization.  Whereas 
it  is  known  that  the  accumulation  of  phosphorylated  intermediate  causes 
abnormal  development  or  disease  symptoms,  the  biochemical  reasons  for  these 
effects  are  unknown.   It  should  be  possible  to  uncover  them,  in  bacilli, 
owing  to  the  possibility  to  induce  additional  mutants,  cross  them,  and  to 
analyze  their  biochemical  changes.   It  is  anticipated  that  the  same  or  a  sim- 
ilar cause  would  then  apply  to  the  deficiencies  in  hereditary  diseases. 

Proposed  Course  of  Pro-ject;   Compounds  inhibiting  growth,  causing  lysis, 
and  preventing  development  will  be  identified  and  the  cause  of  their  action 
will  be  determined.   Attempts  will  be  made  to  avoid  the  developmental 
deficiencies  or  phenotypically  cure  the  mutants  by  the  addition  of  other 
compounds.   Those  enzymes  of  the  pyruvate  phosphoenolpyruvate  metabolism 
which  significantly  change  their  activity  during  the  transition  from  growth 
to  differentiation  will  be  purified  sufficiently  to  ascertain  the  compounds 
controlling  their  activity. 

Honors  and  Awards :  None 

Publications : 

Freese,  E.,  Oh,  Y.  K. ,  Freese,  E.  B.,  Diesterhaft,  M. ,  and  Prasad,  C: 
Suppression  of  sporulation.   In  Halvorson,  H.  0.,  Hanson,  R. ,  and 
Campbell,  L.  L.  (Eds.):   Spores  V.  Washington,  D,  C,  American 
Society  for  Microbiology,  1972,  pp.  212-225. 

Hampton,  M.  L.,  McCormick,  N.  G.,  Behforouz,  N.  C,  and  Freese,  E.: 
Regulation  of  two  aspartokinases  in  Bacillus  subtilis.   J.  Bact.   108: 
1129-1134,  1971. 
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Prasad,  C,  Diesterhaft,  M. ,  and  Freese,  E.:  Initiation  of  spore 
germination  in  glycolytic  mutants  of  Bacillus  sub tills.  J.  Bact. 
110:   321-328,  1972. 

Diesterhaft,  M.  and  Freese,  E.:  Pyruvate  kinase  of  Bacillus  subtilis. 
Biochim.  Blophys.  Acta,  in  press. 

Freese,  E. :  Sporulation  in  bacilli.  In  Moscona,  A.  A.,  and  Monroy, 
A.  (Eds.):  Current  Topics  in  Developmental  Biology,  New  York, 
Academic  Press,  1972,  Vol.  7,  in  press. 
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Project  Description 

Objectives:   Differentiation  consists  of  a  sequential  development  lead- 
ing from  vegetatively  growing  cells  to  highly  differentiated  ones.   In  most 
laboratories  differentiation  is  studied  either  at  the  biochemical  or  at  the 
cytological  level,  making  it  difficult  to  decide  which  biochemical  reaction 
corresponds  to  which  structural  change  of  development.  We  want  to  obtain  a 
close  correlation  between  the  two  types  of  investigations,  through  fine  struc- 
ture analysis  and  enzyme  assays  of  the  same  samples  at  the  same  time,  and  thus 
unravel  which  biochemical  reactions  are  needed  for  each  developmental  step. 
Such  an  analysis  can  be  performed  in  depth  in  a  very  simple  organism,  such  as 
the  sporulation  of  Bacillus  subtilis,  whose  cells  grow  rapidly  and  can  be 
genetically  transformed  and  for  which  mutants  can  be  easily  isolated.   A  cor- 
relation between  structural  and  biochemical  events  is  particularly  feasible 
in  developmental  mutants  that  are  blocked,  or  can  be  artificially  arrested, 
at  certain  stages  of  development,  or  in  mutants  that  are  able  to  differentiate 
in  some  conditions  but  not  in  others  (e.g.,  mutants  in  the  glycerol  metab- 
olism) . 

Methods  employed;  For  fine  structure  analysis,  ultrathin  sections  were 
studied  with  an  electron  microscope,  Zeiss  EM-S2.   The  standard  strain  and 
developmental  mutants  of  Bacillus  subtilis  were  grown  to  different  stages  of 
development,  samples  were  centrifuged,  fixed  by  glutaraldehyde,  stained  with 
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osmium  tetroxlde  and  uranyl  acetate,  embedded  in  Epon,  and  after  sectioning, 
stained  by  lead  citrate.   Developmental  mutants  were  induced  by  ethylmethane- 
sulfonate.   They  were  plated  out  on  all  carbon  sources  and  then  replicated  to 
plates  with  single  carbon  sources.   Non-growth  on  one  or  more  of  these  carbon 
sources  gave  indications  as  to  where  the  biochemical  block  must  be.   This 
technique  can  be  used  to  select  specific  mutants.  With  DNA  transformation 
(single  and  double) ,  we  can  make  double  and  triple  mutants  by  using  selected 
mutants. 

Major  Findings;   1.   Suppression  of  sporulation  in  citric  acid  cycle 
mutants .   Mutants  blocked  in  the  different  enzymes  of  the  citric  acid  cycle 
have  been  isolated  in  this  laboratory  or  were  obtained  from  Drs.  Hanson 
(University  of  Wisconsin)  and  Hoch  (University  of  California) .  All  of  these 
mutants  did  not  sporulate.  The  addition  of  glutamate  or  malate  did  not 
restore  the  ability  to  differentiate.   It  was  also  shown  in  this  laboratory 
that  the  production  of  ATP  in  these  mutants  stops  early  in  the  developmental 
period. 

Electron  micrographs  of  ultrathin  sections  showed  that  the  citric  acid 
cycle  mutants  are  blocked  very  early  in  differentiation.   The  first  structur- 
ally recognizable  event  of  sporulation,  the  membrane  growth  for  asymmetric 
septation,  could  not  be  observed. 

2.  Uncontrolled  synthesis  of  membranous  structures  in  cytochrome  a- 
deficient  mutants.   Mutants  lacking  cytochrome  &   or  both  cytochromes  a^  and  c^ 
can  only  grow  to  a  reduced  maximum  Ag»^  in  nutrient  sporulation  medium  and  in 
addition  cannot  sporulate.   In  contrast  to  the  citric  acid  cycle  mutants  the 
ATP  production  continued  for  some  time  into  the  developmental  period. 

With  the  electron  microscope  we  saw  exceptionally  large  and  prominent 
membranous  structures  starting  to  appear  a  few  hours  after  growth  had  stopped 
and  the  sequential  stages  of  development  were  supposed  to  occur.   There 
vesicular  and  lamellar  membranous  structures  could  be  seen  not  only  at  the 
sites  of  septation  but  also  attached  to  finished  yet  unseparated  crosswalls 
of  cell  division  and  prespore  septa.   They  seem  to  block  the  completion  or 
separation  of  crosswalls  and  prevent  prespore  septa  from  developing  further. 
Since  cytochromes  are  known  to  be  located  on  membranes,  it  seems  likely  that 
these  membrane  changes  are  caused  by  the  cytochrome  a^  deficiency. 

3.  Control  by  malate  of  sporulation  and  glycerol  kinase  production  in 
glycerol-phosphate  dehydrogenase-def iclent  mutants.   Mutants  deficient  in  the 
NADH- independent  glycerol-phosphate  dehydrogenase  sporulate  very  poorly  (less 
than  1%  of  normal)  in  nutrient  sporulation  medium,  which  contains  glycerol, 
and  accumulate  large  quantities  of  glycerol-phosphate.  The  addition  of  malate 
(40  um  or  more)  restores  sporulation  and  prevents  the  production  of  glycerol- 
phosphate  and  the  production  of  the  enzyme  glycerol  kinase. 


18  p 


Serial  No.  NDS(I)-71  LMB/DB  1886 

It  was  shown  that  metabolites  derived  from  malate  repress  glycerol 
kinase 5  so  no  glycerol-phosphate  can  be  made.  A  double  mutant  of  glycerol- 
phosphate  dehydrogenase  and  glycerol  kinase  which  does  not  accumulate 
glycerol-phosphate  in  the  presence  of  malate  shows  that  the  repressor  of 
glycerol  kinase  is'  made  in  the  lower  metabolic  subdivision  of  the  biochem- 
ical chart . 

Since  glycerol-phosphate  is  needed  for  the  biosynthesis  of  membrane 
phospholipids  and  for  polyglycerol-phosphate  teichoic  acid  in  the  cell  wall, 
the  uncontrolled  production  of  glycerol-phosphate  should  show  up  in  uncon- 
trolled membrane  and/or  wall  growth. 

Electron  micrographs  showed  cells  with  multiple  septations.   During 
the  developmental  period  asymmetric  septa  are  found,  formed  on  one  end, 
sometimes  later  on  both  ends  of  the  elongated  cells.   In  addition,  the  number 
of  multiple  septa  per  cell  increases,  too.  However,  instead  of  forming  the 
typical  membranous  prespore  septa,  too  much  cell  wall  is  growing  invard, 
converting  the  prespore  septum  into  a  division  septum,  which  causes  minicells 
to  be  cast  off.  No  endospores  can  develop.   Instead  of  differentiation, 
minicells  with  or  without  chromosomes  are  being  produced. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute; 
Our  investigation  of  mutants  shows  glycerol-phosphate  dehydrogenase  is  essen- 
tial for  differentiation  but  unimportant  for  vegetative  growth.   l-IaRy 
hereditary  human  diseases  are  also  known  to  be  caused  by  a  lack  of  enzymes 
necessary  for  differentiation. 

In  the  case  of  the  developmental  defect  in  bacteria  caused  by  the 
deficiency  in  glycerol-phosphate  dehydrogenase,  the  addition  of  malate 
caused  a  phenotypic  curing.   This  model  case  may  provide  some  knowledge  for 
the  phenotypic  curing  of  certain  human  developmental  hereditary  diseases. 

In  all  the  cases  investigated,  the  relative  control  of  membrane  versus 
cytoplasmic  synthesis  has  been  altered,  but  the  reason  for  this  alteration 
is  not  known.   In  these  mutants  we  at  least  know  that  the  electron  transport 
chain  has  been  affected.  We  can  attempt  to  find  out  why  membrane  synthesis 
can  continue  in  the  absence  of  protein  and  RNA  synthesis. 

Proposed  Course  of  Project:   The  involvement  of  cytochromes  in  the  con- 
trol of  membrane  synthesis  and  relationship  to  cell  division  will  be  analyzed 
by  correlation  of  biochemical  and  electron  microscopic  studies.   Other  devel- 
opmental mutants  will  be  used  to  uncover  the  repressor  of  glycerol  kinase. 
We  also  want  to  find  out  why  differentiation  is  blocked  by  the  accumulation 
of  glycerol-phosphate  and  can  be  restored  by  malate.  In  addition,  it  seems 
interesting  to  investigate  why  mutants  in  the  glycerol  catabolism  can 
sporulate  in  some  nutrients  but  not  in  others,  while  mutants  deficient  in 
cytochromes  cannot  differentiate  in  any  media  tested. 
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press. 
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Project  Description 

Objectives;  The  transport  of  metabolites  into  and  out  of  the  cell  has 
been  studied  in  bacteria  up  to  very  recently  only  for  whole  cells.  Recently 
it  has  become  possible  to  isolate  membrane  vesicles  in  which  trcinsport  is 
dependent  on  the  addition  of  an  external  energy  source.  This  has  made  it 
possible  to  determine  which  energy  sources  can  energize  transport,  how  this 
energy  is  utilized,  and  how  transport  can  be  specifically  inhibited.  In 
particular,  a  close  correlation  between  amino  acid  transport  and  the  electron 
transport  system  has  been  established  and  the  components  of  this  transport 
mechanism  can  now  be  identified.  Many  compounds  inhibit  cell  growth  by  a  so 
far  unknown  mechanism.   Some  of  these  compounds,  in  particular,  food  addi- 
tives, are  lipophilic,  indicating  that  they  may  inhibit  growth  by  inhibiting 
membrane  transport.   Investigations  in  this  laboratory  have  verfied  this 
fact  and  are  now  attempting  to  determine  the  different  sensitivity  of  dif- 
ferent bacteria  to  such  acidic  lipids.  Bacteria  are  particularly  useful 
organisms  to  study  these  mechanisms ,  because  mutants  can  be  easily  isolated 
which  have  altered  transport  properties. 

Methods  Employed:  Growth  inhibition  was  measured  by  the  reduction  in 
the  increase  of  cell  turbidity,  while  oxygen  consumption  was  determined, 
using  the  oxygen  electrode  of  Gilson  Medical  Electronics.  Membrane  vesicles 
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were  obtained  from  bacteria  after  protoplasting  of  cells  in  sucrose  and 
lysing  them  by  rapid  dilution.  They  were  further  purified  according  to 
Kaback.   In  order  to  assure  the  presence  of  several  dehydrogenases  needed 
for  energizing  transport,  cells  were  grown  in  a  rich  medium  containing  glyc- 
erol.  Membrane  transport  was  measured  in  vesicles  at  a  total  volume  of  100 
ul,  using  stirring  bars  when  NADH  or  ascorbate  plus  phenazine  methosulfate 
were  used.   In  the  presence  of  glycerol  phosphate,  oxygen  became  not  limiting 
and  no  stirring  bars  were  needed.   Lipophilic  inhibitors  were  dissolved  in 
ethanol  or  dimethyl  sulfoxide  and  added  so  that  the  solvents  were  present  at 
a  final  concentration  of  1%.   This  amount  of  solvent  does  not  influence  by 
itself  the  rate  or  extent  of  amino  acid  transport  into  vesicles. 

Major  Findings;   1.   Growth  inhibition  by  fatty  acids.   Fatty  acid 
inhibits  the  growth  of  Bacillus  subtilis,  its  oxygen  consumption,  and  ATP 
production.  The  fatty  acid  concentration  required  to  exert  complete  inhibi- 
tion is  the  smaller  the  longer  the  aliphatic  chain.  The  membrane  proteins 
were  investigated  by  acrylamide  gel  electrophoresis  during  normal  growth  and 
after  different  times  of  fatty  acid  inhibition.   It  was  found  that  a  partic- 
ular membrane  protein  increased  during  fatty  acid  inhibition  up  to  5-fold, 
while  other  membrane  proteins  remained  constant.  While  the  nature  of  this 
membrane  protein  is  not  known,  its  increase  may  be  responsible  for  the  abil- 
ity of  a  sporulation  mutant  to  sporulate  in  the  presence  of  semi-inhibitory 
concentrations  of  fatty  acids. 

2.  Amino  acid  tranport  in  membrane  vesicles.   The  transport  of  amino 
acids  into  membrane  vesicles  could  be  energized  by  NADH,  provided  that  the 
oxygen  concentration  was  artificially  maintained  by  stirring  and  rapid  oxy- 
genation, and  by  glycerol  phosphate,  which  worked  only  if  the  cells  had  been 
grown  in  the  presence  of  glycerol.  Instead  of  entering  electrons  via  a 
dehydrogenase  reaction,  we  also  found  that  they  could  be  entered  directly 

by  reduced  phenazine  methosulfate  (which  was  reduced  during  the  experiment 
by  ascorbate) .   The  reaction  was  clearly  linked  to  the  electron  transport 
system  and  studies  using  inhibitors  of  the  system  indicated  that  the  amino 
acid  carrier  was  coupled  to  the  system  in  some  place  before  cytochrome  b^. 
Bacterial  membranes  contained  different  carriers  for  different  amino  acids, 
as  was  established  by  competition  experiments  in  which  the  transport  of  one 
amino  acid  was  inhibited  by  the  addition  of  excess  of  other  amino  acids. 
Groups  of  compounds  were  thus  identified  which  apparently  can  be  transported 
by  the  same  carrier,  while  others  are  transported  by  different  carriers.  At 
least  nine  different  carriers  were  identified. 

3.  Amino  acid  transport  by  fatty  acids  and  antimicrobial  food  additives. 
The  availability  of  isolated  membrane  vesicles  allowed  us  to  analyze  why 
fatty  acids  inhibit  cellular  growth.   It  was  found  that  these  compounds 
inhibited  the  transport  of  amino  acids  into  membrane  vesicles  no  matter  what 
energy  source  was  used.   In  contrast,  fatty  acids  did  not  inhibit  oxidation 
of  NADH  or  glycerol  phosphate,  i.e.,  they  did  not  inhibit  the  electron  trans- 
port chain.   The  fatty  acids  apparently  attach  to  the  bacterial  membrane  and 
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uncouple  the  amino  acid  transport  carrier  from  the  electron  transport  system, 
e.g.,  by  equilibrating  the  concentration  of  cations  across  the  membrane.  As 
already  observed  for  the  inhibition  of  growth,  the  concentration  required  to 
obtain  maximal  inhibition  of  amino  acid  transport  decreased  with  increasing 
chain  lengths  of  fatty  acids.  Since  many  antimicrobial  food  additives  are 
also  fatty  acids  (acetate,  propionate,  sorbate)  or  acidic  lipids  (parabens) , 
the  effect  of  these  compounds  on  amino  acid  transport  was  also  investigated 
in  membrane  vesicles.  Again,  these  compounds  inhibited  the  more  effectively 
the  longer  the  aliphatic  chain,  and  the  inhibition  was  strictly  proportional 
to  the  inhibition  of  growth  of  whole  bacteria.  We  therefore  believe  we  have 
uncovered  the  so  far  unknown  mechanism  by  which  antimicrobial  food  additives 
inhibit  bacterial  growth  in  food. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute; 
Membrane  transport  is  a  universal  feature  of  all  cells,  and  the  clarification 
of  its  mechanism  in  some  organisms  should  provide  the  essential  features  for 
the  transport  mechanisms  in  all  organisms.  Bacteria  have  the  particular 
advantage  that  mutants  can  be  easily  isolated,  and  the  enzymes  responsible 
for  changes  in  transport  mechanisms  can  be  identified.  The  studies  with 
food  additives  show  that  these  compounds  inhibit  transport  through  cell  mem- 
branes. The  same  compounds  should  therefore  also  inhibit  transport  through 
cell  membranes  in  higher  organisms,  but  neither  this  fact  nor  its  mechanism 
have  been  so  far  established.  It  Is  possible  that  some  food  additives  would 
interfere  especially  strongly  with  human  cells,  e.g.,  with  nerve  conduction, 
and  thereby  reduce  the  efficiency  of  the  function  of  the  central  nervous 
system  or  lower  the  resistance  to  stress. 

Proposed  Course  of  Project;  Some  bacteria  are  resistant  against  inhibi- 
tion by  certain  fatty  acids  (either  long  or  short  chain) .  This  phenomenon 
seems  to  be  related  to  the  ability  to  utilize  the  fatty  acids  as  carbon 
sources.  The  reason  for  this  resistance  will  be  investigated  in  both  whole 
bacteria  and  membrane  vesicles.  Ideal  antimicrobial  food  additives  should 
strongly  inhibit  the  growth  of  undesirable  bacteria  but  when  ingested  should 
have  a  negligible  effect  on  human  cells.  The  inhibition  of  amino  acid  trans- 
port into  different  types  of  human  tissue  cultures  via  fatty  acids  and  food 
additives  will  therefore  be  measured  in  the  expectation  that,  similar  to  the 
above-mentioned  resistance  in  bacteria,  hxjman  cells  may  be  resistant  to 
certain  food  additives  but  not  others. 

Honors  and  Awards;  The  principal  investigator  was  elected  President  of  the 

Environmental  Mutagen  Society. 

Publications: 

Freese,  E.;  The  prospects  of  gene  therapy.  Science  175:  1024-1025, 
1972. 


23P 


Serial  No.  NDS(I)-72  LMB/DB  1962 


Konings,  W.  N.  and  Freese,  E. :  Amino  acid  transport  in  membrane  vesicles 
of  Bacillus  subtilis.   J.  Biol.  Chem,   247:   2408-2418,  1972. 

Freese,  E. :  The  prospects  of  gene  therapy.   Fogarty  International 
Center  Conference  Report.  Washington,  D.  C.   U.  S.  Government  Printing 
Office,  1972,  in  press. 

Sheu,  C.  W.  and  Freese,  E.:   The  effects  of  fatty  acids  on  growth  and 
envelope  proteins  of  Bacillus  subtilis.   J.  Bact. ,  in  press . 

Sheu,  C.  W.,  Konings,  W.  N.,  and  Freese,  E.:   The  effects  of  acetate  and 
other  short  chain  fatty  acids  on  sugar  and  amino  acid  uptakes  of  Bacillus 
subtilis.   J.  Bact.,  in  press. 

Sheu,  C.  W.  and  Ries,  J.  J.:  A  modified  microtome  for  slicing  poly- 
acrylamide  gels.  Anal.  Biochem. ,  in  press. 


24 


Serial  No.  NDS(I)-72  LMB/DB  1963 

1.  Lab.  of  Molecular  Biology 

2.  Section  on  Developmental 
Biology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1971  through  June  30,  1972 

Project  Title:   Genetic  Regulation  in  Hunan  Diploid  Tissue  Culture 

Previous  Serial  Number:  None 

Principal  Investigator:   Jeffrey  L.  Simmons,  M.D. 

Other  Investigators:  Ernst  Freese,  Ph.D.,  Leonard  E.  Maroun,  Ph.D. 

Cooperating  Units:   Laboratory  of  Viral  Immunology,  Division  of  Biologies 

Standards,  NIH 

Man  Years 

Total:  1.4 
Professional:  1.4 
Other:         0 

Project  Description: 

Objectives:   Recent  developments  in  molecular  biology  and  genetic  tech- 
niques involving  mammalian  cells  have  advanced  to  the  stage  at  which  it 
should  now  be  possible  to  transfer  genetic  material  (DNA)  from  normal  human 
cells  to  those  with  hereditary  diseases.   Eventually,  this  research  may 
allow  the  alleviation  or  cure  of  hereditary  diseases  by  gene  therapy.  To 
achieve  this  goal  two  basic  problems  have  to  be  solved.   1)   A  selective 
technique  must  be  available  to  allow  the  isolation  of  cells  that  have 
acquired  new  genetic  material.   This  problem  was  studied  in  cells  of  a 
frequent  human  hereditary  disease,  homocystinurla.   2)   Methods  must  be 
developed  by  which  specific  types  of  WA   can  be  purified  so  that  the  prob- 
ability of  transferring  a  particular  gene  is  sufficiently  increased.  We 
have  attempted  to  purify  that  human  genetic  material  which  remains  inactive 
in  females ,  the  X-chromosome  (Barr  body) . 

Methods  Employed:   The  studies  on  homocystinuric  cells  required  standard 
tissue  culture  techniques  as  well  as  those  for  monitoring  growth  and  attach- 
ment of  cells  incubated  in  various  complex  media,  including  specific  additions 
of  pyridoxlne,  cystine,  cystathionine,  and  homocystine.  Cell  growth  was 
measured  by  counting  cells  harvested  from  monolayer  flasks  in  a  Counter 
counter;  both  normal  and  cystathionine  S3n3thase-deficlent  cells  were  utilized. 
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Isolation  studies  on  the  Barr  body  utilized  normal  male  and  female 
fibroblasts  gro%m  in  tissue  culture.   These  cells  were  harvested  (trypsinized) 
and  maintained  in  a  calcium-containing  environment  through  nuclear  isolation. 
The  nuclei  were  then  sonicated  briefly  to  disrupt  the  nuclear  membrane  with- 
out damaging  the  heterochromatic  chromosome  segments,  and  the  heterochromatin 
was  pelleted  by  differential  centrifugation.   The  pellet  was  resuspended  and 
its  characteristics  evaluated  on  sucrose  and  renographin  density  gradients. 

Major  Findings:   1)   Selection  system.   Initial  observations  of  normal 
and  diseased  fibroblast  cell  lines  suggested  that  the  normals  could  grow  in 
culture  with  homocystine  replacing  cystine  in  the  medium.  Therefore,  experi- 
ments were  undertaken  to  measure  cell  surface  attachment  and  growth  in  media 
without  cystine  (including  dithionite-treated  cystine-free  serum)  for  three 
cell  types:  a)  normal  controls,  b)   cells  from  patients  responding  clinic- 
ally to  pyridoxine  ("responders") ,  c)  cells  from  patients  not  responding 
clinically  to  pyridoxine  ("non-responders") .  Cells  were  inoculated  at 
constant  density  into  culture  flasks  in  the  experimental  media  and  harvested 
again  at  periods  varying  from  four  hours  to  ten  days .  This  work  showed  a 
subtle  superiority  in  survival  and  growth  for  normal  cells  and  "responders" 
over  "nonresponders"  but  the  difference  was  not  sufficient  to  allow  actual 
selection  of  normal  cells  from  a  population  of  enzyme-deficient  ones. 

2)  Chromosome  isolation.  Major  work  in  this  project  has  been  devoted 
to  establish  conditions  for  isolation  of  the  Barr  body  intact.  We  have 

tested  the  effects  of  cation  concentration  (Ca^^^  Mg   ,  Zn"*"  )  ,  detergent 
(Saponin,  Triton-X  100,  SDS)  ,  and  ionic  strength  on  chromosome  stability. 
Presently  the  chromosome  is  isolated  from  normal  human  fibroblasts  by  hypos- 
motic  swelling,  followed  by  cellular  disruption,  nuclear  sonication, 
differential  centrifugation  on  linear  sucrose  gradients,  and  buoyant  density 
determinations  on  linear  renographin  gradients.  Several  nuclear  fractions 
have  been  isolated  and  are  currently  being  evaluated  by  electron  microscopy 
and  other  techniques . 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
Both  areas  of  work  relate  directly  to  the  general  question  of  genetic  control 
mechanisms  and  specifically  to  methods  whereby  disease  can  be  controlled  at 
the  chromosomal  level.   Homocystinuria  provides  both  a  model  system  and  a 
relatively  frequent  specific  disease  for  which  therapy  would  be  of  great 
benefit.  Work  on  chromosomal  isolation  will  provide  a  basis  for  several 
types  of  research  involving  the  understanding  of  genetic  control  and  the 
transfer  of  genetic  information  to  alleviate  or  cure  disease. 

Proposed  Course  of  Project;   1)   Selection  system,   a)   To  develop  a 
selection  technique  utilizing  acid  lipids.   2)   Chromosome  isolation. 

a)  Continue  isolation  procedures  with  confirmation  by  homologous  DNA 
hybridization,  cytological  hybridization,  and  electron  microscopy. 

b)  Characterize  the  nature  of  non-DKA  material  on  inactive  X-chromosomes 
and  use  Wk   for  the  genetic  transfer  of  crosslinked  markers. 
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